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(54) ALIGNER, ITS ADJUSTING METHOD, AND METHOD FOR 
USING ALIGNER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an aligner in 
which an illumination optical system can be adjusted 
accurately in a short time. 

SOLUTION: A reticle R is irradiated with an exposing 
light IL from an exposing light source 1 through an 
illumination optical system ILS comprising a first fly eye 
lens 6, a second fly eye lens 9, lens systems 12, 13 
blinds 14A, 14B, and condenser lens systems 17, 18 and 
the pattern image of the reticle R is projected onto a 
wafer W through a projection optical system PL. Specific 
illumination characteristics are measured using an 
evaluation mark plate 33 on a reticle stage 31, and a 
spatial image measuring system 46 provided on a wafer 
state 39 and then the state of the second fly eye lens 9 
and the lens systems 12, 13 is adjusted through drive units 23, 24 
measurements. 
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* NOTICES 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 

[Claim(s) 

[Claim 1 An exposure device which is provided with an illumination system which illuminates 
the 1st object by an exposure beam, and exposes the 2nd object via said 1st object by said 
exposure beam, comprising: 

A lighting condition change system which is arranged in said illumination system and switches 
lighting conditions of said exposure beam to any of two or more lighting conditions they are. 
A regulating system which adjusts a state of a predetermined optical member in said 
illumination system in order to control the predetermined lighting characteristic of said 
illumination system according to each of two or more of said lighting conditions. 

[Claim 2 The exposure device according to claim 1, wherein said lighting characteristic is either 
[ at least ] illumination unevenness of said exposure beam, or the amount of collapse of the 
tele centric nature of said exposure beam. 

[Claim 3 The exposure device according to claim 2, wherein said lighting characteristics are 
slant components of illumination unevenness of said exposure beam, a concavo-convex 
ingredient, slant components of the amount of collapse of the tele centric nature of said 
exposure beam, and magnification components. 

[Claim 4 Claims 1 and 2 characterized by comprising the following, or an exposure device 
given in 3. 

A characteristic measurement system which measures said lighting characteristic of said 
illumination system. 

An arithmetic control system memorized in quest of relation between drive quantity of said 
regulating system, and variation of said lighting characteristic based on a measuring result of 
this characteristic measurement system. 
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[Claim 5 An exposure device which is provided with an illumination system which illuminates 
the 1st object by an exposure beam, and exposes the 2nd object via said 1st object by said 
exposure beam, comprising: 

A characteristic measurement system which measures the predetermined lighting 
characteristic of said illumination system. 

A regulating system which adjusts a state of a predetermined optical member in said 
illumination system according to a measuring result of this characteristic measurement system. 

[Claim 6 The exposure device according to any one of claims 1 to 5, wherein said illumination 
system has an optical integrator and said regulating system adjusts a position of an optical 
axis direction of said optical integrator. 

[Claim 7 Said illumination system said exposure beam which passed said optical integrator An 
irradiated plane of said 1st object, Or have further the 1st optical system led to this and a 
conjugate field, and the 2nd optical system, and said regulating system, The exposure device 
according to claim 6 adjusting a position of an optical axis direction of said optical integrator, a 
position of an optical axis direction of said 1st optical system, a position of a direction vertical 
to an optic axis of said 2nd optical system, and a tilt angle. 

[Claim 8 The exposure device according to any one of claims 1 to 7 which is provided with the 
following and characterized by said regulating system adjusting a state of an optical member 
which constitutes said condensing optical system. 

An optical element for said illumination system to set illuminance distribution of said exposure 
beam as a local field for deformation illuminations. 

A condensing optical system which draws an exposure beam from this optical element. 
An optical integrator for equalizing illuminance distribution of an exposure beam from this 
condensing optical system. 

[Claim 9 Said illumination system is provided with a beam forming optical system which 
fabricates an exposure beam from an exposure light source, and is led to said optical element, 
The exposure device according to claim 8 adjusting a state of said beam forming optical 
system with said regulating system so that a size of illumination of said exposure beam and a 
size of dispersion in illuminance distribution of said exposure beam can be balanced. 
[Claim 10 An exposure device dividing the amount of collapse of the tele centric nature of said 
exposure beam in said illumination system into slant components and magnification 
components, and measuring it in an exposure device which is provided with an illumination 
system which illuminates the 1st object by an exposure beam, and exposes the 2nd object via 
said 1st object by said exposure beam. 

[Claim 1 1 The exposure device according to claim 10 dividing illumination unevenness of said 
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exposure beam by said illumination system into slant components and a concavo-convex 
ingredient, and measuring it. 

[Claim 12 The exposure device according to any one of claims 1 to 11 which is provided with 
the following, is further provided with a drive system which carries out the synchronous drive of 
said 1st and 2nd movable bodies, and is characterized by carrying out scanning exposure of 
said 2nd object by said exposure beam via said 1st object. 
The 1st movable body in which said 1st object is laid. 
The 2nd movable body in which said 2nd object is laid. 

[Claim 13 The exposure device according to claim 12 measuring slant components of 
illumination unevenness about a non-scanning direction which intersects perpendicularly with a 
scanning direction which detects said exposure beam on a predetermined side where said 2nd 
object is arranged, and to which said 1st and 2nd objects are moved in an irradiation area of 
said exposure beam at the time of said scanning exposure. 

[Claim 14 The exposure device according to claim 13 characterized by determining a concavo- 
convex ingredient of said illumination unevenness, and slant components about said non- 
scanning direction based on cumulative size distribution about said non-scanning direction 
acquired by integrating illumination or light volume about said scanning direction in an 
irradiation area of said exposure beam. 

[Claim 15 Claims 12 and 13 detecting an exposure beam irradiated by mark provided on said 
1st movable body in addition to said 1st object, and measuring the amount of collapse, or an 
exposure device given in 14. 

[Claim 16 An adjustment method of an exposure device which irradiates the 1st object with an 
exposure beam which passes along an illumination system, and exposes the 2nd object by 
said exposure beam via said 1st object characterized by comprising the following. 
Said exposure beam is detected on a predetermined side where said 2nd object is arranged, 
and it is the telecentricity of said illumination system. 

distribution of illumination in an irradiation area of said exposure beam, or light volume - at 
least - on the other hand. 

[Claim 17 The synchronous drive of the 1st movable body in which said 1st object is laid, and 
the 2nd movable body in which said 2nd object is laid is carried out, An adjustment method of 
the exposure device according to claim 16 measuring said lighting characteristic using a mark 
which carries out scanning exposure of said 2nd object by said exposure beam via said 1st 
object, and is provided on said 1st movable body in addition to said 1st object. 
[Claim 18 Said exposure beam is detected on a predetermined side where said 2nd object is 
arranged, An adjustment method of the exposure device according to claim 17 measuring slant 
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components of illumination unevenness about a non-scanning direction which intersects 
perpendicularly with a scanning direction to which said 1st and 2nd objects are moved in an 
irradiation area of said exposure beam at the time of said scanning exposure. 
[Claim 19 In an adjustment method of an exposure device which is provided with an 
illumination system which illuminates the 1st object by an exposure beam, and exposes the 
2nd object via said 1st object by said exposure beam, Set a state of a predetermined optical 
member in said illumination system as two or more states, and the predetermined lighting 
characteristic of said illumination system is measured, respectively, An adjustment method of 
an exposure device memorizing in quest of relation between drive quantity of said optical 
member, and variation of said lighting characteristic, and driving said optical member based on 
a memorized this relation based on this measuring result in order to control said lighting 
characteristic. 

[Claim 20 A change of lighting conditions of said illumination system is enabled they to be any 
of two or more lighting conditions ], An adjustment method of the exposure device according to 
claim 19 setting it as an optimal position to lighting conditions after switching a position of said 
optical member when it memorizes in quest of an optimal position of said optical member to 
each of two or more of said lighting conditions and lighting conditions of said illumination 
system are switched. 

[Claim 21 A device manufacturing method including a process of transferring a device pattern 
on a work piece using the exposure device according to any one of claims 1 to 15. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention 
[0001] 

[Field of the Invention This invention, for example A semiconductor device, a liquid crystal 
display element, a plasma display element, Or it is related with the exposure device provided 
with the function to adjust especially an illumination system automatically, about the exposure 
device used in order to transfer a mask pattern on a substrate via a projection optical system 
by the lithography process for manufacturing a thin film magnetic head etc., and the 
adjustment method of this exposure device. 
[0002] 

[Description of the Prior Art The lithography process for manufacturing a semiconductor 
device, in order to correspond to improvement in the degree of location of a semiconductor 
device, and the degree of detail (typically as resist application Takumi) from an exposure 
process and a resist developing process - becoming - in the exposure device to bear, it is 
demanded of raising resolution, transfer fidelity, etc. more. Thus, it is necessary to carry out 
short wavelength formation of the wavelength of the exposing light as an exposure beam, to 
use a projection optical system with a large numerical aperture, in order to raise resolution and 
transfer fidelity, and to perform light exposure control for exposing the photoresist applied on 
the wafer as a substrate in the amount of appropriate exposure with high precision. And in 
order to pull out the imaging characteristic of the projection optical system to a limit and to 
perform light exposure control of photoresist with high precision, it is necessary to optimize the 
illumination-light study system so that the lighting characteristic of an illumination-light study 
system which illuminates the reticle as a mask by exposing light may be improved as much as 
possible. 

[0003]Adjustment for optimizing the illumination-light study system of an exposure device was 
conventionally performed at the following processes. 
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(**) An operator measures the lighting characteristic (for example, illumination unevenness) of 
the adjustment object of an illumination-light study system. 

(**) Adjust the states (a position or an angle of inclination) of a predetermined optical member 
using the drive unit corresponding to the lighting characteristic based on the measuring result. 
The drive quantity in this case is set up by correcting an optical design value based on 
experience of an operator improve that lighting characteristic as much as possible. 
[0004](**) After the adjustment, when the quantity in which the lighting characteristic remains is 
re-measured and the quantity which remains exceeds tolerance level, readjust via the drive 
unit. 

(**) Memorize the final state (optimal state) of the optical member after completion of the 
adjustment. 

And in each of two or more lighting conditions, when a state with optimal optical member that 
repeats the above-mentioned adjusting process for every lighting characteristic of an 
adjustment object, and corresponds was memorized and lighting conditions were switched, the 
corresponding optical member was set as the respectively optimal state. 
[0005] 

[Problem(s) to be Solved by the Invention Adjustment for optimizing the illumination-light study 
system of the conventional exposure device was performed by the operator like the above at 
the time of rigging of an exposure device, and a maintenance, etc. However, when an operator 
adjusts, there is inconvenience that adjustment takes long time. Since it was necessary to 
adjust an illumination-light study system about two or more lighting conditions of all, 
respectively, the whole adjusting time was quite long. Since the time which optimization takes 
was influenced by the level of skill of an operator, it also had a possibility that adjusting time 
might become long further depending on an operator. 

[0006]Since it was necessary to take into consideration the influence of mutual accompanying 
adjustment, etc. when the state of two or more optical members in an illumination-light study 
system needs to be adjusted, the adjusting process was very complicated. Thus, since 
adjustment of the conventional illumination-light study system took the complicated prolonged 
process, it was difficult to perform employment to which the permissible level of a 
predetermined lighting characteristic is changed according to the precision prescribe etc. of the 
device manufactured, for example. For example, although illumination unevenness in a lighting 
characteristic may change with the cloudy weather of the optical member in an illumination- 
light study system, degradation of ** material, etc. temporally, it was difficult to correspond 
promptly by the conventional adjustment method also in such a case. 

[0007]This invention sets it as the 1st purpose to provide the exposure device which can adjust 
an illumination-light study system in a short time correctly in view of this point. This invention 
sets it as the 2nd purpose to provide the exposure device which can adjust substantially the 
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illumination-light study system which can be switched to two or more lighting conditions 
automatically. 

[0008]An object of this invention is also to provide the efficient directions for such an exposure 
device, and the highly precise device manufacturing method using the exposure device. 
[0009] 

[Means for Solving the Problem The 1st exposure device of this invention is provided with an 
illumination system (ILS) which illuminates the 1st object (R) by an exposure beam, and is 
characterized by that an exposure device which exposes the 2nd object (W) via the 1st object 
by the exposure beam comprises the following. 

A lighting condition change system which is arranged in the illumination system and switches 
lighting conditions of the exposure beam to any of two or more lighting conditions they are (10, 
10e). 

A regulating system which adjusts a state of a predetermined optical member (9, 12, 13) in the 
illumination system in order to control the predetermined lighting characteristic of the 
illumination system according to each of two or more of the lighting conditions (23, 24, 25). 

[00 10] According to this this invention, when lighting conditions are switched by the lighting 
condition change system, according to lighting conditions after a change, states (a position of 
an optical axis direction, a position of a direction vertical to an optic axis, a tilt angle, etc.) of 
the optical member are adjusted via the regulating system. The predetermined lighting 
characteristic of an illumination system is automatically controllable by this in the desired state 
respectively substantially to two or more lighting conditions. 

[001 1]ln this case, an example of the predetermined lighting characteristic of that evaluation 
object is either at least illumination unevenness of that exposure beam, or the amount of 
collapse of the tele centric nature of that exposure beam. These are the very important 
characteristics, in order to obtain high resolution on [ both ] the 2nd object. It is desirable to use 
the lighting characteristic of the evaluation object as slant components of illumination 
unevenness of the exposure beam, a concavo-convex ingredient, slant components (two- 
dimensional vector quantity) of the amount of collapse of the tele centric nature of the 
exposure beam, and magnification components. Since an ingredient of these five lighting 
characteristics can be controlled easy almost independently by driving two or more optical 
members in that illumination system mutually-independent, it is easily automatable especially. 
[0012]Here, the amount of collapse of the tele centric nature of an exposure beam is the 
telecentricity of an illumination system (or illumination-light study system). It is desirable to 
have an arithmetic control system (22) memorized in quest of a relation of drive quantity and 
variation of a lighting characteristic of that regulating system based on a measuring result of a 
characteristic measurement system (33, 46, 42) which measures that lighting characteristic of 
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that illumination system, and this characteristic measurement system. . When the lighting 
characteristic changes temporally, measure the lighting characteristic, for example by the 
characteristic measurement system periodically, or a relation memorized previously is updated 
by calculation (simulation) - or both - using together (that is, the above-mentioned relation is 
updated by calculation between measurement of a periodical lighting characteristic). By driving 
the regulating system based on this, the lighting characteristic can be promptly returned to a 
desired state. 

[0013]Next, the 2nd exposure device of this invention is provided with an illumination system 
(ILS) which illuminates the 1st object (R) by an exposure beam, and is characterized by that an 
exposure device which exposes the 2nd object (W) via the 1st object by the exposure beam 
comprises the following. 

A characteristic measurement system which measures the predetermined lighting 
characteristic of the illumination system (33, 46, 42). 

A regulating system which adjusts a state of a predetermined optical member in that 
illumination system according to a measuring result of this characteristic measurement system 
(23, 24, 25). 

[00 14] According to this this invention, the illumination system can be correctly adjusted in a 
short time by driving the regulating system based on a measuring result of the characteristic 
measurement system provided with a space image measurement system etc., for example. 
The illumination system in these this inventions An optical integrator (9), and (a YUNIFO mizer 
or a homogenizer), The exposure beam which passed the optical integrator An irradiated plane 
of the 1st object, Or when it has the 1st optical system (12) led to this and a conjugate field, 
and the 2nd optical system (13), the following lighting characteristics can be substantially 
controlled by adjusting a state of these optical members as follows mutually-independent, 
respectively. 

[0015](a1) Justification of an optical axis direction of an optical integrator (9) : Magnification 
components of the amount of collapse of the tele centric nature of an exposure beam, (b1) 
Justification of an optical axis direction of the 1st optical system : Slant components of the 
amount of collapse of the tele centric nature of a two-dimensional justificatiomexposure beam 
of a direction vertical to a concavo-convex ingredient of illumination unevenness, and an optic 
axis of the 2nd (c1) optical system (two-dimensional vector quantity), A tilt angle of the 2nd 
optical system: (d1) Slant components of the direction of illumination unevenness which carries 
out a tilt. As for the direction which carries out a tilt, in the case of an exposure device of a 
scanning exposure manner, it is desirable to deal with a non-scanning direction which 
intersects perpendicularly with a scanning direction. This is because the equalization effect 
does not arise to illumination unevenness being equalized in a non-scanning direction 
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according to the storage effect, so amending by the tilt is desirable in a scanning direction. 
[0016]An optical element (55) for the illumination system to set illuminance distribution of the 
exposure beam as a local field for deformation illuminations in above-mentioned this invention, 
A beam forming optical system (5) which leads an exposure beam from an exposure light 
source to the optical element, A condensing optical system (7A, 7B) which draws an exposure 
beam from the optical element (55), As for that regulating system, when it has an optical 
integrator (9) (a YUNIFO mizer or a homogenizer) for equalizing illuminance distribution of an 
exposure beam from this condensing optical system, it is desirable to adjust a state of that 
condensing optical system or its beam forming optical system. 

[0017]ln this case, illumination unevenness can be made small, after making a loss of an 
exposure beam into the minimum by adjusting that beam forming optical system so that a size 
of illumination of that exposure beam and a size of dispersion in illuminance distribution of that 
exposure beam can be balanced, for example. In an exposure device which the 3rd exposure 
device of this invention is provided with an illumination system (ILS) which illuminates the 1st 
object (R) by an exposure beam, and exposes the 2nd object (W) via the 1st object by the 
exposure beam, The amount of collapse of the tele centric nature of the exposure beam in the 
illumination system is divided into slant components and magnification components, and is 
measured. Thus, by dividing into slant components and magnification components, it can 
adjust easily almost mutually-independent. 

[0018]The 1st movable body (31) in which the 1st object is laid in an exposure device of 
above-mentioned this invention, The 2nd object has the 2nd movable body (39) laid, is further 
provided with a drive system (34, 41) which carries out the synchronous drive of the 1st and 
2nd movable bodies, and may be made to carry out scanning exposure of the 2nd object by 
the exposure beam via the 1st object. In this case, it is desirable to measure slant components 
of illumination unevenness about a non-scanning direction which intersects perpendicularly 
with a scanning direction which detects that exposure beam on a predetermined side where 
that 2nd object is arranged, and to which those 1st and 2nd objects are moved in an irradiation 
area of that exposure beam at the time of that scanning exposure. When performing scanning 
exposure, since illumination unevenness of a scanning direction is reduced by the equalization 
effect, it is measuring illumination unevenness of a non-scanning direction, and can simplify a 
metering device. 

[0019JAn exposure beam irradiated by mark (36A) provided on the 1st movable body in 
addition to the 1st object is detected, and it may be made to measure the amount of collapse. 
A lighting characteristic can be measured if needed by this, without depending on a pattern of 
the 1st object (mask etc.). Next, an adjustment method of the 1st exposure device of this 
invention, In an adjustment method of an exposure device which irradiates the 1st object (R) 
with an exposure beam which passes along an illumination system (ILS), and exposes the 2nd 
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object (W) by the exposure beam via the 1st object, Measure a lighting characteristic which 
detects the exposure beam on a predetermined side where the 2nd object is arranged, and 
contains at least one side of telecentricity of the illumination system, and distribution of 
illumination in an irradiation area of the exposure beam, or light volume, and. The measured 
lighting characteristic is updated by calculation until it drives an optical member (9, 12, 13) 
within the illumination system based on the measured lighting characteristic and measures the 
lighting characteristic next, and the optical member is driven based on the updated lighting 
characteristic. 

[0020]According to this this invention, measurement frequency of the lighting characteristic is 
lessened and the lighting characteristic of the illumination system can be adjusted in a short 
time with high precision. In this case, the synchronous drive of the 1st movable body (31) in 
which that 1st object is laid, and the 2nd movable body (39) in which that 2nd object is laid is 
carried out, It may be made to measure the lighting characteristic using a mark (36A) which 
carries out scanning exposure of the 2nd object by the exposure beam via the 1st object, and 
is provided on the 1st movable body in addition to the 1st object. 

[0021]lt may be made to measure slant components of illumination unevenness about a non- 
scanning direction which intersects perpendicularly with a scanning direction which detects the 
exposure beam on a predetermined side where the 2nd object is arranged, and to which the 
1st and 2nd objects are moved in an irradiation area of the exposure beam at the time of the 
scanning exposure. Illumination unevenness of a scanning direction is measuring an ingredient 
of a non-scanning direction, since it decreases by the equalization effect, in the case of a 
scanning exposure manner, simplifies a measurement step, and can measure a required 
lighting characteristic efficiently in it. 

[0022]Next, an adjustment method of the 2nd exposure device of this invention, In an 
adjustment method of an exposure device which is provided with an illumination system (ILS) 
which illuminates the 1st object by an exposure beam, and exposes the 2nd object via the 1st 
object by the exposure beam, A state of a predetermined optical member (9, 12, 13) in the 
illumination system is set as two or more states, The predetermined lighting characteristic of 
that illumination system is measured, respectively, and it memorizes in quest of relations (ratio 
etc.) of drive quantity and variation of a lighting characteristic of that optical member based on 
this measuring result, and based on this memorized relation, in order to control that lighting 
characteristic, that optical member is driven. According to this invention, a lighting 
characteristic can be efficiently adjusted by asking for a relation of drive quantity and variation 
of a lighting characteristic of the optical member beforehand. 

[0023]A device manufacturing method of this invention includes a process of transferring a 
device pattern (R) on a work piece (W) using an exposure device of this invention. A device 
with a high degree of location can be mass-produced with high precision by this invention. 
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[0024] 

[Embodiment of the Invention Hereafter, with reference to drawings, it explains per example of 
an embodiment of the invention. This example applies this invention to the scanning exposure 
type projection aligner of a step and scanning method or a step and SUTITCHI method. 
Drawing 1 shows the outline composition of the projection aligner of this example, and the 
source of ArF excimer laser light (wavelength of 193 nm) is used as the exposure light source 
1 in this drawing 1 . However, as the exposure light source 1, a KrF excimer laser (wavelength 
of 248 nm), F 2 laser (wavelength of 157 nm), Kr 2 laser (wavelength of 146 nm), the harmonic 

generation device of an YAG laser, the harmonic generation device of a semiconductor laser, 
or a mercury lamp can be used. Exposing light IL (exposure beam) which consists of ultraviolet 
pulsed light with a wavelength from the exposure light source 1 of 193 nm passes along the 
beam matching unit (BMU) 2 for making an optical path match in position between the main 
parts of an exposure device, and enters into the variable beam attenuator 3 as an optical 
attenuator. The exposure control unit 21 for controlling the light exposure to the photoresist on 
a wafer controls the start, stop, and output (oscillating frequency, pulse energy) of 
luminescence of the exposure light source 1, and the fading rate in the variable beam 
attenuator 3 is adjusted gradually or continuously. 

[0025]Exposing light IL which passed along the variable beam attenuator 3 enters into the 1st 
fly eye lens 6 as an optical integrator (a YUNIFO mizer or a homogenizer) of the 1st step 
through the beam shaping system 5 which consists of the 1st lens system 4A and the 2nd lens 
system 4B which are arranged in accordance with a predetermined optic axis. Exposing light IL 
ejected from this 1st fly eye lens 6 enters into the 2nd fly eye lens 9 as an optical integrator of 
the 2nd step via the 1st lens system 7A, the mirror 8 for optical-path bending, and the 2nd lens 
system 7B. The relay optical system (or it can also be called a beam shaping system) as a 
condensing optical system comprises the 1st lens system 7A and the 2nd lens system 7B. 
[0026]The aperture-diaphragm board 10 is arranged by the drive motor 10e at the optical 
Fourier transformation plane (pupil surface of an illumination system) to the projection surface 
of the 2nd fly eye lens 9, i.e., the pattern surface side of the reticle R of an exposure object, 
(reticle side), enabling free rotation. As shown to drawing 6 (b) in a front view, to the aperture- 
diaphragm board 10 The aperture diaphragm 10a usually circular [ for lighting ], the aperture 
diaphragm 10b for the zona-orbicularis lighting as an example of deformation illumination, and 
the modification light source (or what is called oblique illumination) as another example of 
deformation illumination - the aperture diaphragm 10c which consists of a small aperture in 
which the plurality (this example four pieces) of business carried out eccentricity. And 10 d of 
small aperture diaphragms of the small circle type for coherence factors (sigma value) are 
arranged, enabling a free change. The aperture diaphragm 10c can also be said to be the 
aperture diaphragm for 4 pole lighting. The "lighting condition change system" which switches 
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lighting conditions to any of two or more lighting conditions (usually lighting, deformation 
illumination, and small sigma value lighting) they are comprises the aperture-diaphragm board 
10 and the drive motor 10e, and the main control system 22 which carries out control control of 
the operation of the whole device sets up lighting conditions via the drive motor 10e. 
[0027]ln drawing 1 , the aperture diaphragm 10a for lighting is usually installed in the projection 
surface of the 2nd fly eye lens 9, and exposing light IL which was ejected from the 2nd fly eye 
lens 9, and passed the aperture diaphragm 10a enters into the beam splitter 1 1 with low 
reflectance with high transmissivity. The exposing light reflected by the beam splitter 1 1 enters 
into the integrator sensor 20 which consists of photoelectric detectors via the lens 19 for 
condensing, and the detecting signal S1 of the integrator sensor 20 is supplied to the exposure 
control unit 21. The relation between the detecting signal of the integrator sensor 20 and the 
illumination of exposing light IL on the wafer W as an exposed substrate is measured with high 
precision beforehand, and is memorized by the memory in the exposure control unit 21. The 
exposure control unit 21 is constituted so that the illumination (average value) of exposing light 
IL to the wafer W and its integral value can be monitored more nearly indirectly than the 
detecting signal of the integrator sensor 20. 

[0028]exposing light IL which penetrated the beam splitter 1 1 should pass the 1st lens system 
12 (the 1st optical system) and the 2nd lens system 13 (the 2nd optical system) in accordance 
with the optic axis IAX - it enters into the fixed blind (fixed lighting field diaphragm) 14A and 
the movable blind (movable lighting field diaphragm) 14B one by one. The latter movable blind 
14B is installed in the conjugate side over a reticle side, and the former fixed blind 14A is 
arranged in the field which defocused only the specified quantity from the conjugate side. The 
fixed blind 14A as indicated by JP,4-196513,A, for example, To the non-scanning direction (the 
direction of X) which intersects perpendicularly with the scanning direction (the direction of Y) 
which centers on the optic axis AX mostly within the circular view of projection optical system 
PL, and to which the reticle R and the wafer W are moved at the time of scanning exposure, 
straight-line slit shape, Or it has an opening arranged so that it may be extended to rectangular 
shape (collectively henceforth slit shape ). Namely, the illuminated field 35 on the reticle R by 
which exposing light IL is irradiated with the fixed blind 14A by this example and the exposure 
region 35P (about projection optical system PL, it is the illuminated field 35 and conjugate and) 
on the wafer W The projection area in which the pattern image in the illuminated field 35 is 
formed is specified, and the width about a scanning direction has at least the Sekiguchi part 
which is immobilization. 

[0029]The movable blind 14B is used in order to make variable width of the scanning direction 
of the illuminated field 35 specified with the fixed blind 14A in order to prevent exposure 
unnecessary at the time of the start of the scanning exposure to each shot region on the wafer 
W, and an end, and the exposure region 35P. The movable blind 14B is used also in order to 
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make the width variable according to the size of the pattern space of the reticle R about the 
direction (non-scanning direction) which intersected perpendicularly with scanning direction SD 
further. The information on the numerical aperture of the movable blind 14B is supplied also to 
the exposure control unit 21 , and the value which multiplied the illumination called for from the 
detecting signal of the integrator sensor 20 by the numerical aperture serves as actual 
illumination on the wafer W. The arrangement is not limited to drawing 1 , between the reticle R 
and an illumination-light study system, the fixed blind 14A may be made to approach the reticle 
R, and the fixed blind 14A and the movable blind 14B may arrange it, for example. 
[0030]Exposing light IL which passed the fixed blind 14A at the time of exposure, The 
illuminated field (lighting field field) 35 of the pattern surface side (undersurface) of the reticle R 
as a mask is illuminated via the mirror 15 for optical-path bending, the lens system 16 for 
image formation, the subcondenser lens system 17, and the main condenser lens system 18. 
the basis of exposing light IL - the image of the circuit pattern in the illuminated field of the 
reticle R - a both-sides call - it being the predetermined projecting magnification beta (beta is 
1/4, and 1 / 5 grades), and via centric projection optical system PL, It is transferred by the slit 
shape exposure region 35P of the photoresist layer on the wafer W as a substrate (exposed 
substrate) arranged in the image formation face of projection optical system PL. The reticle R 
and the wafer W are equivalent to the 1st object and the 2nd object of this invention, 
respectively, and wafer (wafer)W is disc-like substrates, such as semiconductors (silicon etc.) 
or SOI (silicon on insulator). Although projection optical system PL as a projection system of 
this example is a dioptric system (refractive media), it cannot be overemphasized that a 
catadioptric system (reflective refractive media) and a reflection system can also be used. The 
Z-axis is taken in parallel with the optic axis AX of projection optical system PL hereafter, a Y- 
axis is taken to a scanning direction (direction parallel to the space of drawing 1 here) in a flat 
surface vertical to the Z-axis, and the X-axis is taken and explained to the non-scanning 
direction (direction vertical to the space of drawing 1 here) which intersects perpendicularly 
with a scanning direction. 

[0031]ln drawing 1 , the exposure light source 1, the beam matching unit 2, the variable beam 
attenuator 3, the beam shaping system 5, the 1st fly eye lens 6, the 1st lens system 7A, The 
2nd lens system 7B, the 2nd fly eye lens 9, the 1st lens system 12, the 2nd lens system 13, 
the fixed blind 14A, Illumination-light study system ILS comprises the movable blind 14B, the 
imaging lens system 16, the subcondenser lens system 17, and main condenser lens system 
18 grade, and illumination-light study system ILS supports the illumination system of this 
invention. And the optic axis IAX of illumination-light study system ILS has agreed with the 
optic axis AX of projection optical system PL on the reticle R. In this example, the 2nd fly eye 
lens 9, the 1st lens system 12, and the 2nd lens system 13 are equipped with the 1st drive unit 
23, the 2nd drive unit 24, and the drive unit group 25, respectively. 
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[0032]ln drawing 2 is a perspective view showing the optical system from the 2nd fly eye lens 
9 of drawing 1 to the 2nd lens system 13, and a relation with the illuminated field 35, and ] this 
drawing 2 , The direction of [ on the 2nd fly eye lens 9 corresponding to scanning direction SD 
(the direction of Y) and the non-scanning direction (the direction of X) of the reticle to the 
illuminated field 35 ] is made into the y direction and the x direction, respectively. And the 1st 
drive unit 23 adjusts the position of the optic-axis IAX direction (the direction of the arrow A1) 
of the 2nd fly eye lens 9, and the 2nd drive unit 24 adjusts the position of the direction of the 
optic axis IAX of the 1st lens system 12 (the direction of the arrow A2). The drive unit group 25 
of drawing 1 The 3rd drive unit 25X of drawing 2 , It comprises the 4th drive unit 25Y and the 
5th drive unit 25T, The drive units 25X and 25Y adjust the position of a x direction (the 
direction of arrow A3) respectively vertical to the optic axis IAX of the 2nd lens system 13, and 
a y direction (the direction of arrow A4), The drive unit 25T adjusts the surrounding (the 
direction of arrow A5) tilt angle of an axis parallel to the y-axis through the optic axis IAX of the 
2nd lens system 13. It can be said that the drive unit 25T adjusts the tilt angle (angle of 
inclination) of the 2nd lens system 13 a direction [ corresponding to the non-scanning direction 
of the illuminated field 35 ]. 

[0033]As the drive units 23-25T, the drive which displaces the flange of the optical member for 
a drive, for example by driver elements, such as a micrometer of an electric type or a piezo- 
electric element, can be used. In this case, the encoders (rotary encoder etc.) (un-illustrating) 
which show the amount of displacement of the optical member in a driving feasible range 
(driving stroke) to the drive units 23-25T, respectively are incorporated, The detecting signal of 
these encoders is supplied to the drive system 26 of drawing 1 , and the drive system 26 
controls the state of the 2nd fly eye lens 9, the 1st lens system 12, and the 2nd lens system 13 
via the drive units 23-25T based on the detecting signal and the drive information from the 
main control system 22. An electrostatic capacity sensor etc. may be used as the drive unit 23 
- an encoder for 25T, for example. 

[0034]When performing deformation illumination, as it is shown in drawing 6 (a), it comprises 
this example so that the 1st fly eye lens 6 can be exchanged using the swap device 56 by the 
luminous-energy-distribution sensing element 55 which consists of diffraction optical elements 
(Diffractive Optical Element:DOE). The luminous-energy-distribution sensing element 55 is 
equivalent to the optical element for setting an exposure beam as a local field. 
[0035]ln drawing 6 (a), in performing deformation illumination, The zona-orbicularis-like 
aperture diaphragm 10b (or 4 aperture diaphragm 10c very for lighting) is installed in the 
projection surface of the 2nd fly eye lens 9 as an example, and the luminous-energy- 
distribution sensing element 55 condenses exposing light IL according to the diffraction effect 
to the almost ring band-like field of the entrance plane of the 2nd fly eye lens 9. The luminous- 
energy-distribution sensing element 55 is also contained in illumination-light study system ILS. 
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Also when the utilization efficiency of exposing light IL is raised by this and it performs 
deformation illumination by it, high illumination is obtained on a wafer. In this case. The 
position of the optic-axis IAX direction of the 2nd lens system 7B. The drive unit 57 for 
adjusting the position u of the optic-axis IAX direction of the drive unit 62 for adjusting the 
position of the direction of two dimensions vertical to the drive unit 58 for adjusting and the 
optic axis of the 1st lens system 7A and the 2nd lens system 4B of the beam shaping system 5 
is used. The drive units 57, 58, and 62 which comprise a micrometer of an electric type, etc. 
are also equipped with an encoder, respectively, Based on the drive information of the 
detecting signal of these encoders, and the main control system 22 of drawing 1 , it is 
constituted so that the drive system 26 can control the state of the 2nd lens system 57, the 2nd 
lens system 7B, and the 1st lens system 7A via the drive units 57, 58, and 62. 
[0036]Two or more luminous-energy-distribution sensing elements (diffraction optical element) 
which generate exposing light IL from which the irradiation area (intensity distribution) on the 
entrance plane of the 2nd fly eye lens 9 differs are provided in the swap device 56, The 
utilization efficiency of exposing light IL chooses the luminous-energy-distribution sensing 
element which becomes high, and it may be made to arrange in a lighting optical path most 
according to lighting conditions (namely, one [ the intensity distribution of exposing light IL on 
the pupil surface of an illumination-light study system and two or more aperture diaphragms / 
10a-10d / which are arranged in a lighting optical path in this example ). It is not necessary to 
form the 1st fly eye lens 6 in the swap device 56 at this time. 

[0037]lt returns to drawing 1 and adsorption maintenance of the reticle R is carried out on the 
reticle stage 31 , and uniform movement can be carried out in the direction of Y on the reticle 
base 32, and the reticle stage 31 is laid so that it can move slightly to the direction of X, the 
direction of Y, and a hand of cut. The two-dimensional position of the reticle stage 31 (reticle 
R) and the angle of rotation are measured by real time with the laser interferometer in the drive 
controlling unit 34. Based on this measuring result and the control information from the main 
control system 22, the drive motors (a linear motor, a voice coil motor, etc.) in the drive 
controlling unit 34 perform the scan speed of the reticle stage 31, and control of a position. The 
evaluation mark board 33 which consists of glass substrates near the reticle R of the reticle 
stage 31 is being fixed. 

[0038]ln drawing 3 (a) is a top view showing the reticle stage 31 of drawing 1 , and ] this 
drawing 3 (a), The evaluation mark board 33 is fixed on the opening of the field which adjoins 
scanning direction SD (the direction of Y) to the reticle R of the reticle stage 31, In the field of 
the almost same size as the illuminated field 35 of the evaluation mark board 33, the same 
marks 36A and 36B for evaluation of 13 two dimensions and -36M are formed as an example 
by almost uniform distribution. Although the mark 36A for evaluation is a two-dimensional mark 
which combined the mark 37X of the X-axis which consists of a line and space pattern 
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arranged with the predetermined pitch in the direction of X, and the mark 37Y of the Y-axis 
which consists of a line and space pattern arranged with the predetermined pitch in the 
direction of Y, In addition, a box yne box mark etc. can be used. When measuring the amount 
of collapse of the tele centric nature of exposing light IL, i.e., the telecentricity of an 
illumination-light study system, like the after-mentioned in this example, the reticle stage 31 is 
driven in the direction of Y, The center (the center of the mark 36G for evaluation) of the 
evaluation mark board 33 is doubled with the center (optic axis AX) of the illuminated field 35, 
and the image of markA 36 and 36B for evaluation and -36M is projected on the wafer side 
via projection optical system PL. Image 36AP of the mark 36A for evaluation is shown in the 
enlarged drawing of drawing 3 (b). 

[0039]Returning to drawing 1 , adsorption maintenance is carried out on the wafer stage 39 via 
the wafer holder 38, and the wafer W carries out two-dimensional movement of the wafer 
stage 39 along an XY plane parallel to the image surface of projection optical system PL on 
the wafer base 40. Namely, it moves in the direction of Y with constant speed on the wafer 
base 40, and step moving of the wafer stage 39 is carried out in the direction of X, and the 
direction of Y. In the wafer stage 39, the position of the Z direction of the wafer W (focusing 
position), And Z leveling mechanism which controls the surrounding angle of inclination of the 
X-axis and a Y-axis is also incorporated, and the autofocus sensor (un-illustrating) of the 
multipoint for measuring a focusing position in two or more measure points of the surface of 
the wafer W is also formed. At the time of exposure, the surface of the wafer W focuses to the 
image surface of projection optical system PL by driving Z leveling mechanism by an autofocus 
method based on the measurement value of the autofocus sensor. At the time of measurement 
of a lighting characteristic, only arbitrary quantity can control the focusing position of the upper 
surface of the wafer stage 39 by driving Z leveling mechanism in the wafer stage 39 based on 
the measurement value of the autofocus sensor as an example. 

[0040]The surrounding angle of rotation of the position of the direction of X of the wafer stage 
39 and the direction of Y and the X-axis, a Y-axis, and the Z-axis is measured by real time with 
the laser interferometer in the drive controlling unit 41. Based on this measuring result and the 
control information from the main control system 22, the drive motors (linear motor etc.) in the 
drive controlling unit 41 perform the scan speed of the wafer stage 39, and control of a 
position. 

[0041 JThe main control system 22 sends varieties of information, such as each movement 
zone of the reticle stage 31 and the wafer stage 39, movement speed, movement acceleration, 
and position offset, to the drive controlling units 34 and 41. And it synchronizes with the reticle 
R being scanned at the speed Vr in the direction (or the direction of -Y) of Y to the illuminated 
field 35 of exposing light IL via the reticle stage 31 at the time of scanning exposure, The wafer 
W is scanned in the direction (or the direction of Y) of -Y to the exposure region 35P of the 
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pattern image of the reticle R via the wafer stage 39 by speed beta-Vr (beta is the projecting 
magnification from the reticle R to the wafer W). In order to prevent the exposure to a portion 
unnecessary at the time of the start of the scanning exposure in this case, and an end, the 
switching action of the movable blind 14B is controlled by the drive controlling unit 34. 
[0042]The main control system 22 reads the various exposing conditions for carrying out 
scanning exposure of the photoresist of each shot region on the wafer W in the amount of 
appropriate exposure from an exposure data file, cooperates also with the exposure control 
unit 21, and performs the optimal exposure sequence. Namely, if instructions of the scanning 
exposure start to one shot region on the wafer W are emitted by the exposure control unit 21 
from the main control system 22, the exposure control unit 21 will start luminescence of the 
exposure light source 1, and. The integral value of the illumination (sum of the pulse energy 
per unit time) of exposing light IL to the wafer W is computed via the integrator sensor 20. The 
integral value is reset by 0 at the time of a scanning exposure start. And the integral value of 
that illumination is computed one by one, and according to this result, the output (oscillating 
frequency and pulse energy) of the exposure light source 1 and the fading rate of the variable 
beam attenuator 3 are controlled by the exposure control unit 21 so that the amount of 
appropriate exposure is obtained on each point of the photoresist on the wafer W after 
scanning exposure. And luminescence of the exposure light source 1 is stopped at the time of 
the end of the scanning exposure to the shot region concerned. 

[0043]Now, near the wafer holder 38 on the wafer stage 39 of this example, the illumination 
unevenness sensor 42 which consists of photoelectric detectors and has the pinhole-like light 
sensing portion 42a (refer to drawing 4 (a)) is installed, and the detecting signal S2 of the 
illumination unevenness sensor 42 is also supplied to the exposure control unit 21. The 
illumination unevenness sensor 42 may use the light sensing portion which consists of a line 
sensor or CCD prolonged along the scanning direction (the direction of Y) of the wafer W to 
the exposure region 35P instead of being the pinhole-like light sensing portion 42a combining 
it. In in this case, each position of the non-scanning direction (the direction of X) which 
intersects perpendicularly with a scanning direction in the exposure region 35P. May integrate 
illumination about a scanning direction, may search for the illuminance distribution about a 
non-scanning direction based on this integrated value, and by this. The illuminance distribution 
of the non-scanning direction which considered the equalization effect of the illumination 
unevenness of the scanning direction by scanning exposure (illumination unevenness), i.e., the 
exposure value distribution about the non-scanning direction on the wafer after scanning 
exposure, (light exposure unevenness) can be acquired. Therefore, it may be made to 
optimize the lighting characteristic later mentioned using this measuring result (amendment of 
illumination unevenness). By carrying out two-dimensional movement of the wafer stage 39 at 
the time of illumination measurement, even if it uses the pinhole-like light sensing portion 42a, 
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it is possible to search for the same illuminance distribution. 

[0044]Although not illustrated, The dose monitor which has a wrap light sensing portion is also 
installed in the whole exposure region 35P, and the coefficient for asking for the illumination on 
the wafer W indirectly from the detecting signal of the integrator sensor 20 is computed based 
on the detecting signal of this dose monitor, and the detecting signal of the integrator sensor 
20. Near the wafer holder 38 on the wafer stage 39, the scanning plate 43 which consists of 
glass substrates is installed, and the square opening pattern 43a is mostly formed into the 
light-shielding film on the scanning plate 43. And the condenser 44 and the photoelectric 
detector 45 are arranged at the bottom side of the scanning plate 43 in the wafer stage 39, The 
space image measurement system 46 comprises the scanning plate 43, the condenser 44, 
and the photoelectric detector 45, and the detecting signal S3 of the photoelectric detector 45 
is supplied to the operation part in the exposure control unit 21 . 

[0045]The space image measurement system 46 may establish only the part (for example, in 
this example, the scanning plate 43 and at least a part of light transmission system containing 
the condenser 44 etc. are included) in the wafer stage 39, and may arrange the remaining 
components (photoelectric detector 45 etc.) to the exterior of the wafer stage 39. At the time of 
measurement of the lighting characteristic which only one open ROPATAN 43a is formed in 
the scanning plate 43, and is mentioned later, the space image measurement system 46. 
Although stepping of the wafer stage 39 is carried out in two dimensions and relative 
displacement of the opening pattern 43a is carried out to a scanning direction and a non- 
scanning direction (the direction of Y, and the direction of X) to each of the image of the mark 
for evaluation of plurality (this example 13 pieces) arranged in the illuminated field 35, 
respectively, At for example, the time of the relative displacement of the image of the mark for 
evaluation and an opening pattern form the two or more marks for evaluation and opening 
pattern 43a of the same number in the scanning plate 43, and concerning a scanning direction. 
Package detection of the image of two or more of the marks for evaluation may be carried out, 
respectively at the time of the relative displacement of the image of the mark for evaluation and 
opening pattern about a non-scanning direction. 

[0046]Form in the scanning plate 43 the mark for evaluation of plurality (this example five 
pieces) and the opening pattern 43a of the same number which separate to a non-scanning 
direction among two or more of the marks for evaluation along a non-scanning direction, and 
the wafer stage 39 is moved to a scanning direction, May detect continuously the image of 
each mark for evaluation arranged in a scanning direction for every opening pattern, and, 
Contrary to this, open ROPATAN 43a of the mark for evaluation and the same number may be 
formed in the scanning plate 43 about a scanning direction, the wafer stage 39 may be moved 
to a non-scanning direction, and the image of the mark for evaluation may be continuously 
detected for every opening pattern. At this time, it is preferred to drive the movable blind 14B 
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according to movement of the wafer stage 39 so that exposing light IL may be irradiated by a 
part of illuminated field 35 during detection of two or more of those marks for evaluation. When 
carrying out relative displacement of the image and opening pattern of the mark for evaluation 
about a non-scanning direction by the former method, When it is necessary to make a 
scanning direction carry out stepping of the wafer stage 39 and relative displacement of the 
image and opening pattern of the mark for evaluation is carried out about a scanning direction 
by the latter method, In order to make a non-scanning direction carry out stepping of the wafer 
stage 39, it is also good to move the wafer stage 39 to a scanning direction and a non- 
scanning direction 1 time respectively combining both. 

[0047]For example, after moving the opening pattern 43a of the scanning plate 43 before 
image 36AP in measuring the position of the direction of Y of image 36AP of the mark 36A for 
evaluation as shown in drawing 3 (a) and (b), the wafer stage 39 is driven and image 36AP is 
scanned with the opening pattern 43a. In this case, it is supplied to the exposure control unit 
21 via the main control system 22 by the position information on the wafer stage 39, and in the 
operation part in the exposure control unit 21. From the signal acquired by differentiating the 
detecting signal of the photoelectric detector 45 about the position of the direction of X of the 
wafer stage 39, the position of the direction of Y of image 36AP is computed. By scanning 
image 36AP in the direction of X with the opening pattern 43a similarly, the position of the 
direction of X of image 36AP is also computed, and the position information on the direction of 
X of image 36AP and the direction of Y is supplied to the main control system 22. 
[0048]lt returns to drawing 1 and the illumination unevenness sensor 42 and the space image 
measurement system 46 by the side of the evaluation mark board 33 on the reticle stage 31 
and the wafer stage 39 support the characteristic measurement system which measures the 
predetermined lighting characteristic (optical property) of this invention. Next, it explains per 
example of the adjusting operation for optimizing the predetermined lighting characteristic of 
an illumination-light study system of this example. In this example, as the 1st group of the 
predetermined lighting characteristic, dispersion in the illuminance distribution of exposing light 
IL in the illuminated field 35 and by extension, the exposure region 35P. The amount of 
collapse of the tele centric nature of (it being hereafter called "illumination unevenness ) and 
exposing light IL to the reticle R (it is hereafter called lighting TERESEN ) is chosen. This is 
for these two lighting characteristics to have biggest influence to the photoresist on the 
projection image by projection optical system PL, and the wafer W. 

[0049]And the illumination unevenness is divided into the secondary ingredient (this is called 
"a concavo-convex ingredient ) about the primary ingredient (this is called slant components ) 
about the position of the non-scanning direction (the direction of X) of the exposure region 
35P, and its position. That is, if illumination is made into function PF(X) of the position X, 
illumination PF(X) can be approximated as follows, the coefficient a will serve as slant 
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components and the coefficient b will serve as a concavo-convex ingredient. In this case, since 
the illumination unevenness ingredient of a scanning direction (the direction of Y) is equalized 
by scanning exposure, it has not been made in particular into the evaluation object by this 
example. The concavo-convex ingredient is also a symmetrical ingredient (axial symmetry 
ingredient) about an optic axis. 
[0050] 

PF(X) a-X b-X 2 + offset -(1) 

The lighting TERESEN is divided into the slant components (shift ingredient) c and d 
corresponding to the angle of inclination to the average direction of X and the direction of Y of 
exposing light of in the illuminated field 35 (exposure region 35P), and the magnification 
components e corresponding to the average angle of inclination which receives radially to the 
optic axis of exposing light. In this case, in this example, the focusing position of the wafer 
stage 39 is set as the position which only **delta made defocus to a focusing position, The 
position (the amount of distortion) of the image of many marks for evaluation is measured by 
the space image measurement system 46 in each focusing position, The slant components c 
and d can be calculated from the average shift amount of the image of the mark for evaluation 
to the variation of a focusing position, and the magnification components e can be calculated 
from the average shift amount of the image of those marks for evaluation which receives 
radially. 

[0051 ]As explained with reference to drawing 2 , the state of the 2nd fly eye lens 9, the 1st lens 
system 12, and the 2nd lens system 13 is controllable by this example via the five drive units 
23, 24, 25X, 25Y, and 25T, respectively, but. Each of above-mentioned lighting characteristics 
can be controlled by these control almost independently as follows. 

(a2) Justification of the optical axis direction of the 2nd fly eye lens 9 by the 1st drive unit 23 : 
Magnification-components [ of lighting TERESEN ] e [mrad], (b2) Justification of the optical 
axis direction of the 1st lens system 12 by the 2nd drive unit 24 : Concavo-convex ingredient 
[ of illumination unevenness b , (c2) Justification of the x direction of the 2nd lens system 
13 by the 3rd drive unit 25X : Slant-components [ of the direction of X of lighting TERESEN c 
[mrad], (c3) justification of the y direction of the 2nd lens system 1 3 by the 4th drive unit 
25Y : -- slant-components [ of slant-components / of the direction of Y of lighting TERESEN d 
[mrad], and the non-scanning direction of the tilt angle adjustment:illumination unevenness of 
the 2nd lens system 13 by the 5th (d2) drive unit 25T a 

[0052]Thus, when the state of an optical member corresponding with one arbitrary drive unit in 
two or more drive units 23-25T is controlled by this example, The combination of the optical 
member which can control a state so that only only one kind of lighting characteristic (optical 
property) changes substantially and other lighting characteristics do not change is optimized. 
By this, it is easy control and automatic adjustment of a lighting characteristic can be 
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performed with high precision. All fundamental lighting characteristics are automatically 
controllable by considering it as the five number of a drive unit. However, in making the lighting 
characteristic of a controlled object only for example, into lighting TERESEN, the number of a 
drive unit and arrangement change according to the lighting characteristic of a controlled 
object, such as considering it as the three number of a drive unit. 

[0053]Also as for a possibility of affecting [ actually ] it to other lighting characteristics slightly 
among five drive units, for a certain reason, it is desirable to also take into consideration 
influence on other lighting characteristics. For this reason, as first shown in the flow chart of 
drawing 8 , when the unit quantity drive of the five drive units 23, 24, 25X, 25Y, and 25T is 
carried out, it asks for the drive rate which shows which can change a lighting characteristic. 
[0054]That is, in Step 101 of drawing 8, the aperture-diaphragm board 10 of drawing 1 is 
controlled, and lighting conditions are usually set up for any of lighting, deformation illumination 
(4 very zona-orbicularis lighting or lighting), or small sigma value lighting being. In the following 
step 102, the five drive units 23 - the i-th drive unit (i 1-5) in 25T are chosen. Here, the 2nd 
drive unit 24 corresponding to the 1st lens system 12 should be chosen. In the following step 
103, where it set up the drive quantity d2 of the drive unit 24 in the center (d2 0) of a driving 
feasible range and the 1st lens system 12 is set as the optical origin which is a design position, 
measurement of illumination unevenness and lighting TERESEN is performed. 
[0055]ln order to measure the illumination unevenness, the glass substrate in which a pattern 
is not formed instead of the reticle R on the reticle stage 31 in drawing 1 is installed, The 
illuminated field 35 is irradiated with exposing light IL, the exposure region 35P is scanned to a 
non-scanning direction (the direction of X) by the light sensing portion of the illumination 
unevenness sensor 42, and the detecting signal S2 of the illumination unevenness sensor 42 
is incorporated into the exposure control unit 21. The field in which the mark for evaluation in 
the field in which the pattern of the reticles R is not formed instead of or the evaluation mark 
board 33 is not formed may be used. [ the glass substrate ] 

[0056] Drawing 4 (a) shows the state of scanning the exposure region 35P in the direction of X 
by the light sensing portion 42a of the illumination unevenness sensor 42, and shows the 
detecting signal S2 which the curve 51 A of drawing 4 (b) was made to correspond to the 
position of the direction of X of the illumination unevenness sensor 42 (wafer stage 39) then, 
and was plotted. The operation part in the exposure control unit 21 of this example computes 
the value a1 of the slant components a of illumination unevenness, and the value b1 of the 
concavo-convex ingredient b by approximating the curve 51 A with a least square method to 
the right-hand side of (1) type. The starting point of the direction of X in this case is used as the 
optic axis AX of projection optical system PL. As a dotted line shows the curve 51 A, when it is 
divided into the primary straight line 52A and the secondary curve 53A, inclination of the 

straight line 52A is set to a1 , and the coefficient of X 2 of the secondary curve 53A is set to b1 . 
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[0057]Next, in order to measure lighting TERESEN, in drawing 1, the reticle stage 31 is driven, 
the center of the evaluation mark board 33 is moved to the center of the illuminated field 35, 
the wafer stage 39 is driven, and the scanning plate 43 of the space image measurement 
system 46 is moved near the exposure region 35P. And drive Z leveling mechanism in the 
wafer stage 39, and only +delta sets up the focusing position of the scanning plate 43 highly 
from the image surface (best focus positions) over projection optical system PL (delta is 
beforehand set up within limits from which predetermined resolution is obtained), The 
exposure of exposing light IL is started, and as shown in drawing 5 (a), image 36AP of the 
marks 36A-36M for evaluation of the evaluation mark board 33 - 36MP are projected on the 
wafer stage 39. As explained with reference to drawing 3 (b) in this state, those image 36AP - 
36MP are scanned in the direction of X, and the direction of Y with the opening pattern 43a of 
the scanning plate 43, By processing the detecting signal S3 acquired by the operation part in 
the exposure control unit 21 , the position of the direction of X of those image 36AP - 36MP and 
the direction of Y is computed, and a computed result is supplied to the main control system 
22. The starting point in this case is the center of image 36GP of the central mark 36G for 
evaluation, for example. 

[0058]lt is desirable to irradiate with exposing light IL only the mark for evaluation which drives 
the movable blind 14B according to movement of the wafer stage 39 and from which a part of 
illuminated field 35 should detect the image, for example by the space image measurement 
system 46 during the above-mentioned detecting operation. Thus, let the images of the marks 
36A-36M for evaluation which only delta made defocus the scanning plate 43 and were 
measured be the images 54A-54M on the lattice of the dotted line of drawing 5 (a). There is a 
thing of explanation which has been actually distorted by distortion for convenience as for a 
certain grade although the lattice of the dotted line is drawn on the rectangle. 
[0059]Next, it is from best focus positions about the focusing position of the scanning plate 43. 
- Only delta is set up low, searches for the position of the direction of X of the marks 36A and 
36B for evaluation, image 36AP of --36M - 36MP, and the direction of Y using the space image 
measurement system 46 similarly, and is supplied to the main control system 22. Image 36AP 
in this case - 36MP, and the images 54A-54M measured previously are displayed on drawing 5 
(a). As opposed to the images 54A-54M when only +delta makes a focusing position defocus 
in the main control system 22 as shown in drawing 5 (a), Focusing position - The two- 
dimensional amount of position gaps to the direction of X of image 36AP at the time of making 
only delta defocus - 36MP and the direction of Y is calculated as vector <VA>- <VM>. It is 
computed as the average value <V2> ( e1) of the ingredient to a radial direction (the direction 
of R) shows drawing 5 (b) and (c) to the simple average value <V1> ( (d, d1)) of these 
vectors, and the starting point. Average value (c1, d1) is slant components of lighting 
TERESEN, and the average value e1 is magnification components of lighting TERESEN. 
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[0060]Next, in Step 104, where the drive quantity d2 of the drive unit 24 is set as the end 
(d2=d2 max ) by the side of + of a driving feasible range, measurement of illumination 

unevenness and lighting TERESEN is performed. As shown in drawing 4 (c), the curve 51 B of 
the detecting signal S2 of the illumination unevenness sensor 42 is obtained by this, and the 
slant components a2 and the concavo-convex ingredient b2 of illumination unevenness are 
obtained by dividing this curve 51 B into the primary straight line 52B and the secondary curve 
53B. As shown in drawing 5 (e) and (f), the slant components (c2, d2) of lighting TERESEN 
and the magnification components e2 of lighting TERESEN are obtained from vector <VA> of 
a position gap of image 36AP of the marks 36A-36M for evaluation of drawing 5 (d) - 36MP - 
<VM>. 

[0061]Next, in Step 105, where the drive quantity d2 of the drive unit 24 is set as the end (d2 - 

d2 ) by the side of - of a driving feasible range, measurement of illumination unevenness 
max 

and lighting TERESEN is performed. The slant components a3 of illumination unevenness, the 
concavo-convex ingredient b3 and the slant components (c3, d3) of lighting TERESEN, and 
the magnification components e3 are similarly obtained by this. It is desirable to set the drive 
quantity of the drive unit 24 as four or more places, and to measure illumination unevenness 
and lighting TERESEN to compute a drive rate with high precision. 
[0062]ln subsequent Step 106, the drive rate of the drive unit 24 (the 1st lens system 12) is 
computed using the above-mentioned measurement value. Since the slant components a of 

illumination unevenness when the drive quantity d2 is set as 0, d2 , and -d2 as an 

' max max 

example are a1, a2, and a3, respectively, they are as follows, of the drive rate ka2 to the slant 
components a [%/mm] ] 

ka2 (a2-a1)/d2 -(a3-a1)/(2 and d2 )] 12 - (2) 

m3X ITI3X 

[0063]Similarly The concavo-convex ingredient b of illumination unevenness, the slant 
components c and d of lighting TERESEN. And drive rate kb2 mm to the magnification 
components e of lighting TERESEN, kc2 mrad mm , kd2 mrad mm , and ke2 mrad mm are 
computed, and the storage parts store within the main control system 22 memorizes. In this 
case, although a dominant value is only drive rate kb2 to the concavo-convex ingredient b of 
illumination unevenness, it may be memorized as it is about what is over the predetermined 
level also with other values, and may be memorized as 0 about the value in a predetermined 
level. 

[0064]When driving the 1st lens system 12 concretely, drive rate ke2 to the magnification 
components e of lighting TERESEN which has the characteristic of central symmetry (axial 
symmetry) as well as the concavo-convex ingredient b may exceed a predetermined level. 
Thus, the drive rate kai, kbi, kci, kdi, and kei (i 1-5) are computed by performing operation of 
Steps 102-106 about all the drive units 23-25T, and it memorizes as a parameter for every 
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lighting conditions in the main control system 22. Then, it shifts to Step 108 from Step 107, and 
judges whether the drive rate was computed about all the required lighting conditions, and 
when not having ended, a drive rate is computed by returning to Step 101 and switching 
lighting conditions. Although a drive rate shall be computed about all the lighting conditions 
here, This example is not limited to this, and computes a drive rate, for example about a part of 
all the lighting conditions, and it may be made to determine a drive rate by interpolation 
calculation etc. based on the drive rate of other lighting conditions about the remaining lighting 
conditions. 

[0065]under the present circumstances - alike - the case of the 2nd drive unit 24 (the 1st lens 
system 12) - a center -- originally drive rate ka2 about an unsymmetrical ingredient, kc2, and 
kd2 are the quantity of the grade which can be disregarded. When these drive rates are larger 
than a certain value, the 1st lens system 12 may be carrying out eccentricity, or it may lean, 
such faults can be detected in this stage, and it can adjust based on this. 
[0066]Next, with reference to the flow chart of drawing 9 , it explains per which adjusts an 
illumination-light study system automatically using the drive rate for which it asked as 
mentioned above example of a sequence. First, in Step 111 of drawing 9 , lighting conditions 
are chosen via the aperture-diaphragm board 10 of drawing 1 , the drive quantity of all the drive 
units 23, 24, 25X-25T is set as a center valve position, and a corresponding optical member is 
set as an optical origin. In the following step 112, illumination unevenness and lighting 
TERESEN are measured like Step 103 of drawing 8 . And in Step 1 13, in the procedure shown 
in drawing 4 and drawing 5 , the slant components (primary ingredient) a of illumination 
unevenness and the concavo-convex ingredient (secondary ingredient) b are computed, and 
the slant components (shift ingredient) c and d and the magnification components e of lighting 
TERESEN are computed. When the illumination unevenness a and b and lighting TERESENc, 
d, and e judge whether it is inside of tolerance level in the following step 114, respectively and 
any they are has separated from tolerance level, it shifts to Step 115, The drive quantity di (i 
1-5) of the five drive units 23-25T for being on calculation, respectively and setting the 
illumination unevenness a and b and lighting TERESENc, d, and e to 0 is computed using the 
drive rate kai memorized in the main control system 22, kbi, kci, kdi, and kei (i 1-5). In this 
case, what is necessary is just to solve the following simultaneous equations. 
[0067]-a=ka1,d1 ka2, d2 ka3, d3 ka4, d4 ka5, d5-b=kb1, d1 kb2, d2 kb3, d3 kb4, d4 kb5, 
d5-c=kd,d1 kc2, d2 kc3, d3 kc4, d4 kc5, d5-d=kd1, andd1+kd2.-d2+kd3, d3 kd4, d4 kd5, 
d5-e=ke1,d1 ke2, d2 ke3, d3 ke4, d4 ke5, and d5 - however, actually,Since it is one piece or 
about two pieces in each line, what is not 0 in these drive rates can solve these simultaneous 
equations very easily. The computed drive quantity di (i 1-5) is also made to correspond to 
each of two or more lighting conditions, and is saved as a parameter at the storage parts store 
within the main control system 22. 
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[0068]Both the drive unit 24 and the drive unit 23 affect the concavo-convex ingredient b of 
illumination unevenness, and the magnification components e of lighting TERESEN concretely, 
Both the drive unit 25T and the drive unit 25X are considered that there is a relation that affect 
the slant components a of illumination unevenness and the slant components c of lighting 
TERESEN, and only the drive unit 25Y affects the slant components d of lighting TERESEN. 
[0069]Next, it shifts to Step 1 1 6 and only the drive quantity di (i 1 -5) computed, respectively 
drives the five drive units 23-25T. Then, in [ shift to Step 112,113, re-measure the illumination 
unevenness a and b and lighting TERESENc d, and e, and Step 1 14, When those values all 
are not settled in tolerance level, it shifts to Step 115 again and calculation is performed, and 
an automatic regulation is ended when those values are all settled in tolerance level. And 
when the same lighting conditions as the next are set up, based on the drive quantity di 
memorized, adjustment of an illumination-light study system is extremely completed only by 
driving the drive units 23-25T for a short time. 

[0070]Thus, in this example, since a lighting characteristic is automatically measurable, Assis 
Torres can perform all of the measurement sequence of the drive rate of drawing 8 , and the 
automatic regulation sequence of an illumination-light study system of drawing 9 . Next, it 
explains per example of the adjustment method in the case of installing the aperture 
diaphragm 10b (or 4 very aperture diaphragm 10c of lighting) of zona-orbicularis lighting in the 
projection surface of the 2nd fly eye lens 9 by the illumination-light study system of this 
example, as shown in drawing 6 (a), and performing deformation illumination. 
[0071 ]ln this case, the luminous-energy-distribution sensing element 55 which consists of 
diffraction optical elements (DOE) instead of the 1st fly eye lens 6 of drawing 1 is installed. 
Cone prism (an axicon, for zona-orbicularis lighting) or prism, such as prism (4 very for 
lighting) of square coning (pyramid type), may be used instead of a diffraction optical element. 
And in order that the aperture diaphragm used may respond for any of the aperture diaphragm 
10b or 10c being and may adjust the irradiation area of exposing light IL to the 2nd fly eye lens 
9, The 1st lens system 7A can be driven in the direction vertical to an optic axis with the drive 
unit 62, and it enables it to drive the 2nd lens system 7B to an optical axis direction with the 
drive unit 58. An optical system which rotates an optical system to which a zoom optical 
system and aberration are continuously changed instead of or a cylindrical lens, and makes a 
beam cross section distorted may be used. [ the condensing optical system (beam forming 
optical system) which consists of the lens systems 7A and 7B 

[0072]ln the case of the optical system of drawing 6 (a), it is confirmed by this invention person 
that illumination unevenness changes with the illuminated fields at the time of illuminating the 
2nd fly eye lens 9 locally rapidly. The change factor of the illumination unevenness is 
concretely divided into the following factors. 

1) When partial illumination area is small, since there is much light volume which passes an 
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aperture diaphragm, image surface illumination rises, but among the effective elements of the 
2nd fly eye lens 9, some are illuminated halfway and this has an adverse effect on illumination 
unevenness. 

[0073]2) When partial illumination area is large, illumination unevenness does not deteriorate, 
but the light volume naturally interrupted by the aperture diaphragms 10b and 10c increases, 
and image surface illumination falls. 

3) the case where partial illumination area is carrying out eccentricity - the lighting 
unevenness on the image surface - right and left - there is a tendency (slant components) for 
either to become low. This originates in having a size with each limited element of the 2nd fly 
eye lens 9. Therefore, in this example, when performing deformation illumination using the 
luminous-energy-distribution sensing element 55, as shown in drawing 10 , the special 
adjustment sequence is prepared. 

[0074]Then, in Step 121 of drawing 10 , it is in the state of drawing 1 , namely, it is usually set 
as lighting, and drive rate measurement of drawing 8 and the automatic regulation sequence of 
drawing 9 are performed. In the following step 122, as shown in drawing 6 (a), the 1st fly eye 
lens 6 is changed into the luminous-energy-distribution sensing element 55, and the aperture 
diaphragm of the projection surface of the 2nd fly eye lens 9 is set as the aperture diaphragm 
10b for deformation illuminations, or 10c. In the following step 123, illumination unevenness is 
measured using the illumination unevenness sensor 42 of drawing 1 , and as shown in drawing 
4, the slant components a and the concavo-convex ingredient b are computed. In this case, 
when the illumination unevenness of an extreme inclination occurs on both sides of the non- 
scanning direction of illuminance distribution and the slant components a exceed tolerance 
level, partial illumination area may be carrying out eccentricity as mentioned above. In this 
case, the 1st lens system 7A is shifted in the direction corresponding to the direction of X, and 
the direction of Y in a field vertical to an optic axis so that those slant components a may be 
settled in tolerance level. 

[0075]And let the concavo-convex ingredient b of illumination unevenness be an evaluation 
object in this state. Namely, shift to Step 124, judge the concavo-convex ingredient b 

in tolerance level , and when it is outside tolerance level, it shifts to Step 125, Since only a 
predetermined step amount shifts the 2nd lens system 7B to an optical axis direction, it returns 
to Step 123, and the concavo-convex ingredient b of illumination unevenness is measured 
again, and ******** [ it / in tolerance level is judged. This correction operation is performed 
until the concavo-convex ingredient b is settled in tolerance level at Step 124. 
[0076]After the concavo-convex ingredient b is settled in tolerance level at Step 124, it shifts to 
Step 126, The lens system 4B of the beam shaping system 5 of drawing 6 (a) is changed to 
specified quantity every order in an optical axis direction (scanning), Scan to a non-scanning 
direction in the exposure region 35P which does not have a pattern image in the illumination 
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unevenness sensor 42 of drawing 1 in each position (position u) of the lens system 4B, and the 
data row of the detecting signal S2 is incorporated into the exposure control unit 21, and the 
detecting signal S1 of the integrator sensor 20 is also incorporated into the exposure control 
unit 21. 

[0077]ln the following step 127, in each position u of the lens system 4B, difference deltalP of 
the maximum of the detecting signal S2 (illumination) and the minimum is calculated as 
illumination unevenness, and size (average value) IP of the illumination in the image surface is 
indirectly calculated from the detecting signal S1 of the integrator sensor 20. And the operation 
part in the exposure control unit 21 matches the reciprocal (1 deltalP) of illumination 
unevenness deltalP, and image surface illumination IP to each position u of the lens system 
4B. The figure which plotted the reciprocal (1 deltalP) of image surface illumination IP and 
illumination unevenness to the position u is drawing 7 so that intelligibly. 
[0078]ln drawing 7 , a horizontal axis is the position u of the lens system 4B, and a vertical axis 
is a reciprocal (1/deltalP) of image surface illumination IP and illumination unevenness deltalP. 
And the curve 59 expresses image surface illumination IP, and the curve 60 expresses the 
reciprocal (1/deltalP) of illumination unevenness. In this case, if image surface illumination IP 
becomes large, since the reciprocal (1/deltalP) of illumination unevenness will become small 
and illumination unevenness will become large, it turns out that image surface illumination and 
illumination unevenness are the relations of a trade-off. So, in this example, the main control 
system 22 is supplied in quest of the range 61 (u1< u< u2) of the position u from which image 
surface illumination becomes more than acceptable value tangent linel (position u2), and the 
reciprocal of illumination unevenness becomes more than acceptable value tangent Iine2 
(position u1) as a range of the lens system 4B which can be set up. 

[0079]ln the following step 128, the main control system 22 of drawing 1 sets up the position u 
of the lens system 4B of drawing 6 (a) via the drive system 26 in which can be set up the 
range 61. High image surface illumination is obtained by this, the throughput of an exposure 
process can be improved by it, and illumination unevenness becomes small and high image 
formation accuracy is obtained. If the optical element for deformation illuminations is shifted to 
an optical axis direction when detailed random illumination unevenness is measured on the 
image surface, random illumination unevenness can be made to cancel. As mentioned above, 
although the characteristic of various kinds of illumination-light study systems changes by 
making the arbitrary optical members of an illumination-light study system drive, Illumination 
unevenness and the last spurt accuracy of lighting TERESEN can be raised more by choosing 
these in a design stage and building the optimal drive unit into an automatic regulation 
sequence. 

[0080]ln the above-mentioned embodiment, although both illumination unevenness and 
telecentricity shall be measured (detection), it is good to even measure either. Although the 
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slant components were divided in the direction of X, and the direction of Y and were measured 
in telecentricity, only either has a good thing. Although the exposure device of a scanning 
exposure manner shall detect the illumination unevenness of a non-scanning direction in the 
above-mentioned embodiment, it is preferred for the direction of X and the direction of Y to 
detect illumination unevenness in the exposure device of a standstill exposure method, 
respectively, and to perform the amendment. 

[0081]Although the adjustment shall be performed in each of above-mentioned embodiments 
at the time of measurement of a lighting characteristic (lighting TERESEN and illumination 
unevenness at least on the other hand), a lighting characteristic may be adjusted in addition to 
the time of the measurement. For example, change of a lighting characteristic may be 
calculated (simulation etc.) and a lighting characteristic may be adjusted one by one based on 
this calculation result. Measure a lighting characteristic periodically, and the adjustment is 
performed, and it may be made to adjust a lighting characteristic by the above-mentioned 
calculation between the periodical measurement. It is also good to adjust only a concavo- 
convex ingredient until it adjusts both the slant components of illumination unevenness, and a 
central symmetry ingredient (concavo-convex ingredient) about illumination unevenness at the 
time of change of the intensity distribution (especially the shape) of exposing light IL on the 
pupil surface of lighting conditions, i.e., an illumination-light study system, and then changes 
lighting conditions. 

[0082]Although the luminous-energy-distribution sensing element 55 shall be arranged in the 
optical path of exposing light in exchange for the 1st fly eye lens 6 in drawing 6 (a) at the time 
of deformation illumination, For example, it may be made to arrange the luminous-energy- 
distribution sensing element 55 between the exposure light source 1 and an optical integrator 
(this example the 1st fly eye lens 6). It may be made to exchange for another element which 
generates luminous energy distribution which is different in that luminous-energy-distribution 
sensing element 55 according to change of lighting conditions at this time. It may be made to 
exchange the luminous-energy-distribution sensing element 55 with zona-orbicularis lighting 
and 4 pole lighting also in the example of composition of drawing 6 (a). 
[0083]Although the lighting condition change system of drawing 1 shall contain both the 
aperture-diaphragm board 10 and the swap device 56 which performs exchange of an optical 
integrator (the 1st fly eye lens 6) and a luminous-energy-distribution sensing element 
(diffraction optical element 55), The lighting condition change system is also good to perform 
only exchange of two or more luminous-energy-distribution sensing elements which accepted 
it, or may contain only the swap device 56, and mentioned the swap device 56 above aperture- 
diaphragm board 10. Instead of the aperture-diaphragm board 10 and the swap device 56, for 
example, combining either at least the aperture-diaphragm board 10 or the swap device 56 
A zoom optical system, At least one side with the prism (cone prism (axicon) or pyramid prism) 
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of a couple in which relative displacement is possible may be arranged to the optical axis 
direction of an illumination-light study system between the exposure light source 1 and an 
optical integrator (the 2nd fly eye lens 9). 

[0084]in the above-mentioned embodiment, although the fly eye lenses 6 and 9 are used as an 
optical integrator, also when using an internal reflection type integrator (rod integrator) as an 
optical integrator, it is in difference that this invention is applicable. Although illumination-light 
study system ILS of what is called a double fly eye method which uses two steps of fly eye 
lenses 6 and 9 is used in the above-mentioned embodiment, This invention can be applied 
also when adjusting the illumination-light study system only using one step of optical 
integrators (a fly eye lens, a rod integrator, etc.). Not only deformation illumination but the 
diffraction optical element (DOE) of the above-mentioned [ lighting or the lighting of a small 
sigma value usually may be used as an optical integrator. It is desirable to, prepare two or 
more diffraction optical elements in this case, of course, and to perform that exchange 
according to lighting conditions. 

[0085]An entrance plane is arranged as an optical integrator (9) in the pupil surface of an 
illumination-light study system, for example, And a projection surface using the internal 
reflection type integrator arranged at the pattern surface side of the reticle R, and conjugate 
and between the exposure light source 1 and an optical integrator (9), When arranging two or 
more luminous-energy-distribution sensing elements (diffraction optical element) mentioned 
above, a zoom optical system, and the optical unit containing at least one of the prism of a 
couple, the incidence angle degree range of exposing light IL which enters into the internal 
reflection type integrator will be changed at the time of change of lighting conditions. When 
using a fly eye lens as an optical integrator (9), the surface light source which is from two or 
more light source images on the projection surface side, i.e., a secondary light source, is 
formed, and when using an internal reflection type integrator, the secondary light source which 
is from two or more virtual images on the entrance plane side is formed. Therefore, change of 
the lighting conditions in each above-mentioned embodiment is equivalent to changing either 
[ which is formed on changing the intensity distribution of exposing light IL on the pupil surface 
of an illumination-light study system, and the pupil surface of an illumination-light study 
system / at least ] the size of a secondary light source, or shape. 
[0086]Although the above-mentioned embodiment applies this invention to the projection 
aligner of a scanning exposure manner, this invention is applicable also to exposure devices, 
such as a projection aligner (stepper) of a step-and-repeat method (one-shot exposure 
method), and a proximity method which does not use a projection system. Exposing light 
(exposure beam) is not restricted to the above-mentioned ultraviolet radiation, and may use 
the EUV light of the soft-X-ray field (wavelength of 5-50 nm) generated, for example from a 
laser-plasmas light source or a SOR (Synchrotron Orbital Radiation) ring. An illumination-light 

http://www4.ipdl.inpit.go jp/cgi-bin/tran_webj^ 4/30/2009 



JP,2001-313250,A [DETAILED DESCRIPTION] 



Page 26 of 26 



study system and a projection optical system are constituted only from two or more catoptric 
light study elements by EUV aligner, respectively. 

[0087]And a semiconductor device can be manufactured from the wafer W of drawing 1 . The 
step to which the semiconductor device performs the function and performance design of a 
device, The step which manufactures the reticle based on this step, the step which makes a 
wafer from a silicon material, It is manufactured through the step which exposes the pattern of 
reticle to a wafer with the projection aligner of an embodiment mentioned above, a device 
assembly step (a dicing process, a bonding process, and a package process are included), an 
inspection step, etc. 

[0088]Without being limited to the exposure device for semiconductor device manufacture as a 
use of an exposure device, For example, it is widely applicable also to the exposure device for 
manufacturing various devices, such as an exposure device for display devices, such as a 
liquid crystal display element formed in a square-shaped glass plate, or a plasma display, 
image sensors (CCD etc.), a micromachine, a thin film magnetic head or a DNA chip. This 
invention is applicable also to the exposure process (exposure device) at the time of 
manufacturing the masks (a photo mask, reticle, etc.) in which the mask pattern of various 
devices was formed using a photolitho GUFI process. 

[0089]Of course, various composition can be taken in the range which this invention is not 
limited to an above-mentioned embodiment, and does not deviate from the gist of this 
invention. 
[0090] 

[Effect of the Invention According to this invention, the illumination system (illumination-light 
study system) of an exposure device can be adjusted in a short time correctly. When it has a 
characteristic measurement system which measures the lighting characteristic of an 
illumination system, the illumination system which has two or more lighting conditions can be 
adjusted automatically. When dividing and measuring the slant components and magnification 
components of the amount of collapse (telecentricity of an illumination system) of an exposure 
beam as a lighting characteristic, it can adjust in a short time correctly by adjusting both 
independently. [ of tele centric nature ] 
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* NOTICES 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings 

[Drawing 1 It is the front view which cut and lacked the part which shows the projection aligner 
of an example of an embodiment of the invention. 

[Drawing 2 It is a perspective view showing the optical system and the illuminated field 35 from 
the 2nd fly eye lens 9 of drawing 1 to the 2nd lens system 13. 

[Drawing 3 (a) is a top view showing the reticle stage 31 and the evaluation mark board 33, 
and an enlarged plan view which presents explanation of the detecting method of image 36AP 
of the mark for evaluation with (b). 

[Drawing 4 It is an explanatory view of the instrumentation method of the slant components of 
illumination unevenness, and a concavo-convex ingredient. 

[Drawing 5 It is an explanatory view of the instrumentation method of the slant components of 
lighting TERESEN, and magnification components. 

[Drawing 6 The figure which cut and lacked the part which shows an important section in case 

(a) performs deformation illumination in illumination-light study system ILS of drawing 1 , and 

(b) are the front views showing the aperture-diaphragm board 10 of draw ing 6 (a). 

[Drawing 7 It is a figure showing an example of the relation between the size of the illumination 
in the case of performing deformation illumination, and illumination unevenness. 
[Drawing 8 It is a flow chart which shows an example of the measurement sequence of the 
drive rate of all the drive units in an illumination-light study system. 

[Drawing 9 It is a flow chart which shows an example of the automatic regulation sequence of 
an illumination-light study system. 

[Drawing 10 It is a flow chart which shows an example of the adjustment sequence for 
deformation illuminations. 
[Description of Notations 

1 [ - The 2nd fly eye lens, ] - An exposure light source, 5 - A beam shaping system, 6 - The 
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1st fly eye lens, 9 10 [ - Fixed blind, - An aperture-diaphragm board, 12 - The 1st lens 
system, 13 -- The 2nd lens system, 14A R [ - Integrator sensor, -- Reticle, PL - A projection 
optical system, W - A wafer, 20 21 [ - A drive system, 31 - A reticle stage, 33 / - An 
evaluation mark board, 36A-36M / -- The mark for evaluation, 42 - An illumination 
unevenness sensor, 46 - A space image measurement system, 55 / - Luminous-energy- 
distribution sensing element ] - An exposure control unit, 22 - A main control system, 23, 24, 
25X, 25Y, 25T -- A drive unit, 26 
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DRAWINGS 

[Drawing 2 




[ Drawing 7 
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K 1 4 Att, *l«Tlil|Jt* I LjWfi{WS*l6 Uf-^TI' 
R±<0aa«1B«3 5 . RVVXJ\W±J?>ffltffi&3 5 P 
(tMMK^jRPLtWLTJ!aWfll«3 5 tM9cX\ mm 

i»?4<i:iJi^|t0telJW4H#H£"C* 
SMPat$:^-rs. 

[0029] Ht, ~*J®7y4 > V 1 4Bli, ^xy>W 
^SWr»3K*l»it-tftfc«>fc:. HSX5-f y K 1 4 Aiz 

i ^xisszztimwmm 5 , wE3t««3 5 po 

-fyH14Bli. Kfc3e(E*l*lSDi:«XLfc*m (# 
^3tt^|p|) l,Z&lXV*9)VRW9->ffi$,<?yt4X 
lzfotX*<7)<$t:'*J'£k?$>fcMzh&m%ti&. -art!) 
X7^f y h* 1 4 BO^P$(7)ffl#(iE^lJ«iX7 h 2 

ucttttesn. ^yr^u-^-fey^2oo«aifi^ 

W±oH^t7)MSi: * § . =5rfc , ®^X7 -f y H 1 4 A 
RXJ^imyy^ y F 1 4 Bli*c7)IEM#l2 1 (cPg^^n 
*t>OTIi*<. «£JfH«7*9-fyF14A*. Uf- 

atrt ±v\ 

[0030] H3feSftH^X7^ y K 1 4 A £jffi§ U?t 
Hi, 3tSS*f0ftfffflOS7-l 5. 

l^yx^i 6, ii^yfvti/yx^i 7, ms^y 

ry+TVyXlkl 8$-^LT. -7^.7t LTOl^?^ 
ROA^-yffii (TB> (JRHIHIHIW) 3 

/4, l/5») T. ta»*^PL«|S«1iIKEitS 
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t^ftftKWJCLTfcOs 9XA (wafer) WliflUtf 
¥g# (y'ljay?) XfiSO I (silicon on insulate 

r)mmwtt.cr>mwLx-hh. *mom&tixe>®m 
A^^rMj?;* (K»Ji*r*> *&&tmm? 

o . zim&x fa ( i c:-c«0 1 ois 

[00 3 1 ] Hi £*$WC, SftfiR 1 , h'-A7 yf- 
•/ h 2 , TO&fcSi 3 . t*-A«»3R 5 . flS 1 
7 74 1^X6. ^1U>X^7A, S^l-yXJR 
7B. S52 7 7 4 7-11^X9. SUl^XiRl 2. IB 
2U>"X^13. ffljg7*5<f ^F14A, ^WlXy^y 
F 1 4 B , >X& 1 6 , IJ3 VrV^VXJh 1 

7 , Rx/^yfy-fuyx^ 1 8^ «t 0W¥I i 
nmix^z. *lx. m&&*i Lsnmu ax 

tt s Uf-^^R±T»l«t?*PL<03iaHAXi:^StU 
TV*S. *ffrCJi. ^2 77^7^V>-X9, SI U>- 
X*l 2, atxm 2 V VX& 1 3 l,Z-ttL?tm 1 IBSp. 
-7h23. m2m>J-~-/h24. a^|g»JL--/r- 
»2 5*<8«$*va>*. 

[00 32] 02 Ji. m\<r>W.2yy^ T4l<>X9fr 
hW.2VVX&\ 3t?cr>ft<mt. mWA35bff> 

mifxtmmx-b*) . c:<oBi2t«^T, ffgwrn 

3 5CStt&Wf-^KOjfe(E*|ft|SD (Y^ffiJ) . 

9±X'(DUm^ix^tlyUfaRX/x-}7^ib I/O**. 
ZIX. %im®3---y\*2 3im27 7JT4U>X 

U S2IIS6a^'y h24(imil^VX^l 203tWI 
AX(0^ (*EPA2c^[*)) c0fia5rlfflS-ri>. * 
fc. Bltf*BBpL-? MB 2 514. 02«O83OBllp. 
-7N25X, »40WKPL->yh2 5Y. &tf3S50 

mm^--yh2 5Tx r )m^ix, ra^7h25x 

£1X2 5Y{i-e<i-efllB2l/yX^l 3<WBMI AXt 
Sl^x^[6] (*EPA3<0;fr|tn) St/y^l*] (*EDA4 

vyx&i 3<r>%m AXSrjiOytttTO^tt^IHO 
(^EPA5<7)^(S]) <0f-/H*a*lttt4. IHftxx-y 
h 2 5 TO. !PM$3 50*3et*I»I(C«iW4*|6| 

T-m2ixyx^i 3^>vvn (mn) mmzt 

hWoZktfX'ZZ. 

[0 0 33] ggi»x->yr-2 3-2 5TfcLT(4. 



2 3-2 5Tfctt*ft**iB»TO8RH (SUA ho- 

?> rt-c<o*?sst»os«iuii^fxy3-^ ( d — 

t,nxy a-ycotfiiiUi^ tf® 1 oBttft 2 6 (cftttS 
*u *<oatamt^. &tf±M»*2 2fr*oiHMWR£ 

«^V^TlBtt^2 6ii»a--y h23~25TiHrL 
Tg527 74 7'f WyX9. milsyX£l 2. JUflS 
2UyX»13WK«*l!«W-4. lgfip.-.yr- 

[0 0 34] *fc, *0tCliS»saw*fTd«^{=H6 
(a) £^-f J: 0 £. 2»BSB5 6S:fliVvc»l7 74 
74\syX6*mtf : %?m=F (Diffractive Optical El 
ement: DOE) i 9& &*«^«SE«*^ 5 5 T'3cmT 

%zxoizm$.ztix^i. mm$cm?55#. 

[003 5] 06 (a) CfcV^T. %Mffi>tetfdi&& 
(Ctt, -WfcUT»2 7?-f7-fH^X9«»ffiBH=|ft 
=9tt0>BBPR9 10b (Xtt4«BaHBffl«BBPt2 l 5 1 0 

c ) ^iss$^. *ft^^aa«T5 5ti, 

<koT^7t3feI LSrm2 7 7^7^U>-X9(7)AStffi<7) 
t>*;xj\±X'ft\ l yM.tf®$>tih. zwmz. %2vy 

x&i Bcojtm 1 Ax^«ffiBfcSBW*fcft<osaft 

a- -y h 5 8 , JH 1 P yX^ 7 AtfMBWcS** 2 <K7C 

^wffias-wst&fe^ffiiSix.y b 6 2. atff 

- A^g^ 5 (0^ 2 U y X^ 4 B <03KW I A XTf |6]<D& 
Su $riiS-r^^cO|g»i--y h 5 Hfi&mtlh. 

57, 58. 6 2i,zi>*ti?ttxya-ytfmit>ti. 

2 fgtcB-^V ^X . »^ 2 6 jWSffl&o^: -y h 5 

7. 58, 6 2^LT»2UyX*5 7, »2U^X 
$ 7 B . ftlflll 1 V yXJh 7 A^«JB*M»T > * S J 3 

[0036] ^rfc. ^2 7 5^7^ yyX9«0AltE± 

ss^i Lo5is^ffi. *mx'\mwmmzwM.zti 

ilfflftOBBPRO 1 0a~l 0d<7)lo) tJEtT, ft 
[0037] HHcMOs V^7)VR\t. V^9lVX^f 
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-^3 1±£(ft3t«»3*U Wf^Wf-^Slli 

c, xm Ym ®mmzm>?% & * a tztm 

8tlT»&. l/f?/Wf-y'3 1 (Uf-?;UR) 02 
&7u6<J$rffiS. a^HWBUiBHftlWWa.- v h 3 4 rt<o 
U— f T#ftK J: o T 'J T )V ? J A tcwas fix v > 6 . 

^T, SaWJ»i->y l-3 4l*l<DWe-:? (UxT* 

i*>jtaa«L Mfm-mmz'tro. tit* v^-9iv 

[0 0 38] WIS (a) \m\ff)Vt9)VXf-i/3\ 
*iRt¥ WfflTfo 0 . £eoH3 (a) Cfcvvt, 
;k*T-2/3 lOUf-^RfcttLTfefcfrfaSD (Y 
#01) t»«1-6<i«<0BBP±tlMiv-^«3 3*<H 
£3fU Mlv-?«3 30«B1H^«3 5fcRfc* 
*S<0««rtC. ija'^l-^^T'-MtLTl 3ffl<7) 
2&^<9R-OfWHV-?3 6A, 3 6B, -3 6M 
#»j£§iVO>l>. IFfiffifflV-^3 6A(J. X^rttCJSf 

VJ:9£4X|**>v-?3 7Xfc s Y;Sr|6jfcBr}ge-y?- 
TEM$iifc?-f y • 7> H • x^-XA*?-yJ: 0=5r 
h YttOV-7 3 7 Y b 2 ? ? 

i affile #<y?X • ■ tf.y?XV-?*H 
ttffl 1 5 £ t A*T * h . aWPfCli . f££0 J: d fc«*3fc 
I LfOfHrVh'J •y^tt^JflfUi. W^fSWJK^lfiW 
rU-feyhy^r-f £ft#f- -SlSifc. l^f?/Wf-y 
3 1 fcY2rit|fclB»LT, iFflV-?«3 3<0«H> (I? 
ffifflv-? 3 6G«0+ifc) Sr«BHJH»«3 5<0+*& (3K« 
AX) fc^irttt. 1WBV-73 6A, 3 6B.-3 
6 M0ft£&|?tt¥K PLSr/fLT Aj|(cS»-t 
*. IHW87-?3 6AOtt3 6APj&*03 (b)tf* 

[00 39] Hlfcl?9« 7lAWIi, -7XA*;l^3 
8£tflT^XAXr-y'3 9±fcig^#ftSft, >7X 
J\Xr-iJ3 9\±. *7X.J\<-XA0±.Xim%&3kP 

Lmfct^mxv ^mzf^x 2 Kimm-h. bp 

7iAXf-y3 9«« ^xy\/<-X4 0±f Y* 
vT&*t&. Kt. ^'3 9{c<i, ^x/n 

w<7)z^(6]o{aa (7*-^x<aa) . st/xwatxY 
mn® wmn mwrz z u*cy > mmh®*& 
&tixti r ). vxj\wffmwcr>mm<?)mm&x'y t-t 

xm&mtt&tmb<r)&An*-h7 *-iix*yv 

(7m*) hmft>tix^&. &%.mz\i. 

yt-^x-t yWWMmzmrSK ^x*-b7*~$x 

■faux- zuKuy fwrnzmm-fh ztx\ ?xaw*> 
mnmrnizii. -mtixzm-hyit-Ax* 



yWatfflmzm-i^x , •7x.)\xr-> ! 3 9n^>z^ 
Koymmzmmt&ztizx^x. ?xaxt-^ 

3 9 coimco 7t~i] x\m*&&<r>3LiZ.VWRth z\ 
tifX'th. 

[0040] >7XAXT-^390X;fr|&k Y^facOft 

i» a^xn. y». ztt<osio<oiiiigAttKnM9i3. 

x -y h 4 1 ^1/- <f T^fftJ: -?TD7 > ;l':$M Afcft 
SSSftTV^. iOlt«e*RUf±«fliP5R2 2*»fe«H 
WHRfcafr^vc, BWWWOX7 M 1 rtOBtt*- 
? ((i-Tt-^f) tt» »7XAXt— y'3 9<^3SS$ 

[0 04 1 ] ±StJfflI^2 2(i» Uf-^/l/X-f-y 3 1 . 
RVVx.^XT-:J3 9<7)Ztl?tl<D&mtiLW.. ®W)& 

fflLx- •/ h 3 4S.Z/4 1 £M2>. -f LT. j^EfKjWC 
ii. )VXt--'J3 1 ^LtBaHtl LWBBBffl 
«3 5C»LTUf-^R*«+Y*|*I (XJi-YtflSj) 
CjtflEVrTjaESfi&CDtraHLT. ^xys^r-i; 
3 9 £rt-LT U*7frRW->1&(Dl&tffl&3 5 P 
t*tLT>7xyNW^-Y^[6j (Xii+Y^rifij) tjjtatiS 

• Vr (/3(i^^/l/R*^»>xyNW^<7)^^) f 

%&zti&. z comnT&gmftcriffitiitifMfteTmzT^ 

3 4 fc J: o X*m7 5 -f y H 1 4 B Wg3ffl«f^*«0JfflI§ 
ill). 

[0042] MtC±»Jffl)^ 2 2 ii . »>XAW±<0# v a 

•y b«w<07 * h u i>x v ^wmm.xism.mh 
t. S5t$ijfflia--y h 2 1 1 i>&mLx&mtc®x=/- 

i-yxtmn-fh. ap*>. >7x/NW±coi-9co>-3-yh 

ffllXX y h 2 1 fcaWr&fl* t . S^JffllX^ .y h 2 1 

\ffiffiMlwm.*mk!i+lbmz s Ay*r7v-t 
•by^2 0S-^LT'7XAWt^f h&Wt\ L<0SSjg 

jtair 6 . *o»3M«4^at3eBBtt«rfc: o »j * >y h 

B3lB6«l<0»)b6»(fjhSil4. 
[0043] ST. ^McO^xyNXr-x'S 9±0>>x 
A*rt^3 8<0ifi8Kt±. ^««?ttJSJ:0=5r , ytr>-*- 
/^<0S5t«4 2a (04 (a) #B5) SrW^iBWEO 

^>-fey^4 2*>-^s$n, mxst>±y+4 2<r)®&m 

#S2tH3t»J»ix.yh21ttt*SSilTV^. & 
fc. Sggtf t-by-9-4 2{itry*-;H^<og3t8f 4 2 a 
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^3 5PtW§>>XAW0^3E*|S) (Y^[6]) 
%m^Xi>£\\ Z<r>t%$. ISftf(®3 5P|*lT-£S 

mtiM^i-m^m^ (x^fsi) n&&mx\ 
&mmtmmm%#>x t «t < . £Mc j; 

jE) ZftoiotzlXt,*^. £*s, StUttfSWffc^x 
a*t-j;3 9* 235c»IM-*£i:fcJ: 9. fy*- 

)uvw%m4 2azm^xmmnmmm%#>& 
ztmmx-hh. 

[ 0 0 4 4 ] ifc. ^H^T'J>^*\ H3ftl®3 5 P«> 

o&ajfl^fcteS-^vt, 4 yr/u—^-fe^2 Of) 

fl»#*lf}3*l&. mz, <?xa.*t-x3 9±^x 

3#RiI3*u 3±coMtm^zmilE1jm<D 
mW*?->43 aimtiLZtlX^Z. *IX. 
■Xt-v'3 9^<7)^a«4 30M£ffiWfc*#U>'X4 
4. K.tfft1tfctiSSS4 5#E*3*l, £3fc«4 3, 

i^yX4 4 , a^3K«ttaj«S4 5 j; osra«tta!i^4 6 

[ 0 0 4 5 ] **J, SiaftffflHU 6(2<?-<0-£? ( 
<f, *WCtt*SE«4 3i:, HsltWsXiAKZIr&tt 

s;3 9WB»t. BOWlftSB* (ft«&atf§4 5=5: t') 
S-^XA^T-^'3 9^afcESLTt) J:V\ 
SBMIIHKR4 6(i^5£«4 3C 1 o*>Siwt*- V4 
3aO*«££fu tBfrr«!RmMtt^)tHM(cl2, 
^XA^f—x'3 9 £ 2<K5E»ic*f->' K yfZ-tt h t 

&iz. mmm smzmzti&m cwrwii 3 

4 3a Sr^f4^l*]a^#^3E^|6] ( Y#f6]&tfX;frfi) 
-9t W®.<rmWW->4 3 a iHe&Wi.4 3 fcjgft 

t<mtmmt. w%&fimzm+&&mm~?-?<o 
i&tffln^?-yk<7)m&mmz*ti?tL*crmm<n 
mmmi-fnmz-mmui ix t> «t v>. 
[0046] wz. *<omw&mm-?—7co5%. m 

TjtSHK4 3K:#jRU ^XAXr-x3 9 5r^a^(S] 



iz&mix. zmw^-ymz, ^m^zmmti 
bzmmm—wmmLLxm&Lxi* i 

o^-y4 3atjta«4 3fe:»tfcU. flA^f- 

3 9cr>&MlzmiX-*I®774 > H 1 4 B*|fflW-&£ 
TMfflv-^offlli:B5P^^-ytS:ffl^l6'tl)t 

jr?-?^*fcBBP'<*-vi*ffl*HH^&fc&£. 
>>xaxt- y 3 9 i^fsjfetfrftjfcrAf- -y tr y ?Z 

•mwhitito. m%&&*'&bitx. ^uf-^ 

3 9 £S£#Afc#^£2f|n]i:fc 1 0r^»S-ii:6«f 

[0047] M^.(f03 (a) , ( b ) fc^-fi fc» 
fFffiffl V- ?36A<Dffi36AP <0 Y^TrtOfflai* WM 
•*4*£fc(4. «3 6APO^iftC3&HR4 3<0llP^ 
*->4 3a£»»U:flL •>x/\*T--i'*3 9£8» 
LTBBP^-y4 3aT«3 6AP*j©lEl-4. 
Rfc. S3t0Jfflix- 7 h 2 1 (CU±«W% 2 2£ftLX 

^xj\XT- : J39ff)immtm^tixa*) . s% 
$ij«ix.y h 2 1 rt^aawfii, ^««?tfi^4 

ajft^Sr^xy^r-^3 9^X^|fi]C0(iBfcMLT» 
4J-LT»fe<ut«^J:"3. tft3 6AP(7)Y^f6)0{2S5: 
Kfllt«3 6APS:iaPK^-y4 3aX*X 
*|6|t^lEf4ii:fc:J:^T, «3 6AP(OX*|p]f5ffl[ 

■fcKUJSft., &3 6AP<7)X:friS] s Y^iaj^atPS 

[00483 aitM 1 ?. Uf-^Xf— ^*3 l±OS 
<iv-^^3 3. ")iAXf- J'*3 9fflltf>!&&tj£>-fe}' 
■t4 2. aV2EISHftfHKR4 6*«, 

#14 (m-wt) mmtzwmmmzKmixu 

thtzfrnmsmn-miz^* mmi. *wx-\t, 
*om%<?>mimcr>% 1 <mt tx . ^^3 5 . 

IAV^TJ4»3HH«3 5 Pr<0*3K*I L^gftK^oar 

iztttzm%± i ufuryh »j 7 Attorns ( ja 
(02mmwwfttf%.mft¥%p uzx m 

[0049] *LTs *W«UKr6fc«3efB«3 5PO 

fa&Em (x*m) ^{astcw-ra i<j^^ (^^^ 
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SrffllX^ra^PF (X) k-fSk. m&PF (X) U 
flj£#k&S. ^4^[SJ (Ytffa) OSIUSO 

PF (X) =a • X+b • X 2 + * 
P) rtT^*J!M>¥*WWrXm atfY^fi^offl 

*n£*tist-hmsm» (^ne) c. dk. g% 

sV*) *2RHMHHl4 6TtMU 7*- a*ffif 

<0^frfofc*«-4TOW$rS/7 hl*>i»fi»«#et 
k#T-££. 

[ 0 0 5 1 ] *fcrcii02 Sr#S8LTSi^Ufc J: 

5©y)|B»a.^-yh2 3, 24. 2 5X, 2 5 
Y, 2 5THrLT<eiX-?ftSg2 7 74 7^yX9. 
S5 1 \sVXJk 1 2 , T$&%2 WXJk 1 3?>:RJB£#Iffl! 

BKWMtSrHQUlitMIW*; btfX'% h. 
(a2) »l»a^7 h23tZiM279<lT<<l' 

e [mrad] . 

( b 2 ) &2Wm3-~ -v h 2 4 iZ J: 1 pyX^ 1 2 
omfrfiOftStSfi : JS*tffeWOflCi)«»b [%] . 

( c 2 ) S53 WttiX-y h 2 5 Xfc J&S^U-yX^ 1 
3Ox^"|i]C0{iaPS : m%Tl'-t>(0X1jft(Dtmfil 
•ftc [mrad] „ 

(c3)S4»i-7b2 5YCJ:|,S21/yXIl 
3^y*|6]0{4SIBB : JSE^UHrVOY^OfSIMi 
#d [nrad] , 

(d2) Sf55fEKP-~-y h2 5T\,zXh^2V-yXm 
[%] . 

[0052]^<O«ta fc*WC1i, «RWW»a~ •>/ h 
2 3~2 5Tc7)|*|OttSO-oc7)|gi)a.--y hK«toT 

ti zbx\ mmzmmwnaz mmmm 



umzmmmbtt ix^zw ^mmmmAz 
mixmz&ft (mmm) x-Ub*. 

[0050] 
•fe-yb -(1) 

[00533 ^. mmt,z\i5®nw)>3-->v hmm 

K ZOtztb. 5frflI8<97Q~?-*-hfc:jjrf J: 5 
fc. 5fflW|gSP--'yh2 3, 24, 25X, 25Y, 
2 5T£*ffijUHBl Wrfc 8fc«iet*JiW*tt&t*i 

[0054] IP*?. ia80Xx-y7'l Oltfc^T, 1 

iobbproiri oimmixmmwrMmPM. £ 
mm (wsj, gL<ii4«B|) . xii'hom 

WOtotlfrl l Z&&t&. S^fvn 0 2£*$Vvt N 
5»9|gfi)J-->yh2 3~2 5T4 , Oi#g ( i = 1~ 
5 ) c7)iE»a^-y hS-SitK-f ^df'teStl 1 l^X^ 
1 2^J6*42#B«>Bttx-«y h24Sr!HRU:fc 
<r>bt&. d&)XT"/~T\ 03fc*3V^T, -f-cofgijp.^ 
•y h 2 4cO|g»I»d 2 $-iE»T5TIIKH^+^ ( d 2 = 

o ) £fg£ l? . ss i i^>-xm 1 2 £t£n-±?)<aa-e;fe 
[0055] •f-osaKofewtmttT^fcrtfc:, hi c 

«B8H*3 5{cR3lBtI L£!iStLT, S5fe^^3 5P^ 
jHKOfe*yt4 20S^-C^^3E^f6] (X^|6j) fc 
jtSLT, ra«o^-fe>'1f4 2(7)^{tifi^S2SrS3tS'J 

XttfFflr7-^*3 3>f<0fMifflv-^W»rtS 

tix\,^mmmtxt^\ 

[0 0 56] H4 (a) ltK?mi&3 5PiMSati>*: 
y*4 2«0§7tgi54 2 aTX^T|fnfc:^lEtS*t«S-^ 
Ls H4 (b)*>ftK5 1Att % *Ok&tBiaDfe-b 
y-^4 2 ( >7xv>ax-v3 9 ) OX^iOffiac^je 
3*Trn.yhLfc«iajfi^S2SrjSLrv^. *M(D 

h 2 1 fto®M.ffl*. ftH5 1 a* 
( i ) &0>tmzttix®'b&mmx'i&m-s>z\btz3; 

*PL03K«|AXk-r&. tt£5 1 A^^T'^-tio 
1 <^Offitl 5 2 A&lX2^ffltl 5 3 Afc4Htfc*£, 
B^5 2A<OM^*<alk^0. 2^fllS5 3A«0X2 

[0057] iKt. fiaWfUsyfcfWtSfeftfc:, II 
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3 5^^t»tfv-^«3 304"DSr^«)LT. >7X 

Axf-y3 9*m®Lxmm.m 5 p<v£&iz£® 
ZT-=s3 9ncozuKyymffit:mw}ix, t6se« 

mmbtimmftxw&feztix^z ) 

U H7t7fcILcDfi?Jt£li&LT, 05 (a) C^-fJ: 
o£lWI-?-;?&3 3<0fWlfflV-7 3 6A~3 6 MO 
$3 6 AP~3 6 MP£->x/\7.-f- ~J3 9±iZ$Wt 

h. z?)vmx\ 03 (b) z&mixmwitzXo 

t6$«4 3<r)mW1?-VA 3 a.XZiXt><m3 6 
AP~3 6MP$rXm Y^(6]t^$LT , fcfcfli 

^aift^s 3 sibbm**- 7 h 2 1 rwm&&x'®m 

t&Z\bt,z£iX. **l£>cO{£3 6AP~3 6MPcDX 
m Y2fi*W>ffiIfc*ltJU *tt»SX£±IHfPX2 2 

-?36GO<&36G P <94"I>T'$> £ . 
[0 0 5 8] ^XA^x-^3 9(7)^l){cjE5tT 
«T»75>f y K 1 4 BfcSBBU JJB**ffi»fWfclSgi 
fltt 3 5O-35<0*. W*tfaaSHtff*BR4 6fcT*«> 

IZbtfSLtLW Z(r>Xoiz^m.4 3i + dtzl l ff 
7 t-XXZ-tXsiMZIXKWm-?-'? 3 6 A~ 3 6 
M(7)&£05 (a) O^OflS^iOfc 5 4 A~ 5 4 M 

[00591SC ?SE$4 307 *- *^.(4B$r^X 

h 7 * xes*^ - * mm< i . Httcsia 

*Hil»4 6£fflVvCIWBv-?3 6A, 3 6B, - 
3 6MO«3 6AP~3 6MP<9X2n&k Y^ffiOftM 
£#i6T. ±M«R2 2fc«IW*. 05 (a) fcti. 
CI cr>%£Vi& 36AP-36MP, Stfitefcittl I fc« 
5 4A~54M#*^§im>!,. ±Gltt$2 2Ttt. 
05 (a) ISjcflSfc. 7 + *£«-t 

7*-*^§*fe«^)«54A-54MtitLT. 7 
*-#X{M£-$£W7*-;$X£tffc^CDft3 

ka2 = ((a2-al)/d2, 1I -(a 
[0063] mt LT, B8«04>OIHia«^b . RgBJ 
r u-fe yof8£U£# c , d . mfflfflT v-fe >?)femtfL 

#efc*^r4«aBU-Mtb2 [%/mm] , kc2 
[mrad/mm] , kd2 [mrad/mm] , ke2 [nrad 
/mm] tfltai^^-C. ±S!lffll^2 2rt<OiBttS|5(ce« 

U 0r^U^rt<Offltov^TtiOtLTiaiSL.Tt>J: 



6AP-3 6MP(7)X^|*I S Y^f6j^<7)2<X7EW ; 5r<aa 
ffllK7h;KVA>-<VM>t 4 
ZtlbOK? Y^nm&te^&lfcKV 1 > (= (c 
1 . d 1 ) ) . aifHjS^tT^ffifrlftl ( R#fo) ^ 
»«^<0¥*WI<V2> ( = e 1 ) #05 ( b) , 
( c ) $fc*dJ&h.6. T^ffl ( c 1 , d 1 ) 

[0060] Xf771 0 4C*JWC, <£tf>iB«l 
x- -y h 2 4 OBIMI d 2 $-|B»^«gKHcO +{|!lcOSSggP 
(d2 = d2,„ ) fetttUfc««'P, iU£tj£>. Slf 

m^Tv^xmm^o. zmzxr,x. 04 (c) 

«51B*»»Ml, £Ot&!85 1 B£l&OItli5 2B 
aV2«iMB5 3Bt«tJ-ft£4:'C. IHflE&fctfHWMt 
#a2. ftWHfllS#b2a«f»&fl*. 05 
(d) <0f¥fiW?-7 3 6A~3 6MO&3 6AP-3 
6MPO{ag-filO'<? hKVA>-<VM>A>f> > 
05(e). ( f ) {,Ztk?£ 0 fc, jRRHrHsyo«« 
J*# ( c 2 . d 2 ) , SlWfUr^We 2 

[00 6 1 3 iKfc. Xf771 0 SfciJVvr;, taStt 
xx 7 h 2 4 DBIHI d 2 »S»TOSieo-fl|cOStf 
(d2 = -d2„„ ) lzm%lt:tfBX\mmtJt>. & 

tmwru-by^mtft?. ztiizx^xmmz. m 

VOJfWPUR^ ( c 3 , d 3 ) . fe&f&fte 3*«»4>fl 

« s ieii)jL - -y h 2 4 cmm&t 4 mijLhtcu^ l 

[00 62] -f-W^OXf -yn 0 6(:fc^T, ±ie<0 
ffUte£ffllvCS!ip.X7b24 (5111,^12) 

coWBV-h^Kaj-r*. -«fc LT. lSISid2$r 
0. d2„„ . -d2 Bax (cR£Lfcfc&*>8IWEtl£>0> 
«l«JS^att, -efl-efLal. a 2, a3T*4fc». 
«UfH£4J-a(CJtt*«iiU-Mca2 [%/mm] (i<X 

3-al)/(2 • d2,„ )]/2 - (2) 

[0 0 64] attwfcisi i^xai 2mmn%i$ 

e2*W^K/US:S^&^tt* { J>l.. i<0«tdfcL 
T^T<OlBi!p.x.y h 2 3-2 5TK-3VvC;*f-«y7*l 
0 2-1 0 6£7)IM^5rllff LT, IBIftW-hka i . k 
bi, kci, kdi. kei ( i = 1-5 ) 

t±m«» 2 2 mmmmw?*-* t ixnm 

■t&. *<W£, Xf7710 7^Xf7710 8K^ 
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ovvcfBi!)I^-h£gaJU BO^HJi&frfco^TJa 
m^B>WN»Jl'-bfc»^, a^H-flc^rt'^i 
^TiBttl— b Zmfetb X o fc IT fc 
COO 6 5] i<OR(C. 3S2ffi«PL-.y h24 

-hka2, kc2, kd 2{i**{i*HST'^&gJK<0 
Cft^f^-htfi&SffiULbfc*^^ 
£(4, %\\/>Xm 2^'(I^tTV^0, fRvvOvfc 

[0 0 66] ±C<OJ:d(cLT*«>fc«Bttl/-h 

*. 5W\ H9<7)^r-/n 1 lfcfcvvt, Hl^BHP 
RORlOSr^fCJWflSfefttaHRU £«OK»a- 
•yh2 3, 24, 2 5X-2 5 T<7)lgK)g£ 

Xf'vri 1 2fct5WC s HSO^x-yn 0 3t|S|« 

771 1 3i,Z&^X, 04, 05fc5f;L*:^lfT\ Bftft 
tf£<0«IMt# ( l&Jfcfr) a, Dflfl*^ ( 2&j£#) 

c. d, &tfft*jR#e£*tfit6. &£>Xr-y 7*1 1 
4fci5VvC5$Ktrfca, batfflfflfHryc, d, e 

KH^^iiTV^H^tttxf-vn 1 5\,zWHt 
X. ±M»*2 2rtfcK1iLTa4B»l'-hka i, 
kbi, kci, kd i , kei ( i = 1—5) fcfflV* 
RUEtr^a. bAtnfflH^U-b^c . d, e£*tfl 
WlfHU:? 0 iztlfzibcr, 5 IcOffif) a -y h 2 3 - 

2 5TC7)|gii»d i ( i = 1 — 5 ) SJWJtS. 
-£fc(i. WT^licWWtWJtHr 

[00 6 7] -a=kal dl+ka2 d2 + ka3 d 

3 + ka4 d4 + ka5 d 5 

-b = kbl dl+kb2 d2 + kb3 d3 + kb4 d 
4+kb5 d5 

-c = kcl dl+kc2 d2 + kc3 d3 + kc4 d 

4 + kc5 d5 

-d = kdl dl+kd2 d2 + kd3 d3 + kd4 d 
4+kd5 d5 

-e = kel d 1 + ke2 d2 + ke3 d3 + ke4 d 
4 + ke5 d5 

fflU SBRfcUU Z\tl(,<om&U-h'PX'0X'^h(0 



d i ( i - 1-5 > mm<mtt<D*ti?iiiztt 

[0068] JLftWfc. BHi-? h24fcB»p.:i-y 

mmeizmzR&i. wm^--jh2 5rtwm 

a- y b 2 5 X t tf&lzm&ts 4> Offi^jfcft a fc H^f 
U -fe y <Oj$S«# c fc fgg £ ftHT L , gg»p.--y h 2 5 

[0 06 9] &t, Xf771 1 6l:^L7, 51C0 
Wfti^-y h 2 3-2 5T*-tn-etl»aJS*UiBS» 
d i ( i = 1-5 ) fc'(«rf&. Xf771 
12,11 3fcf2ffLT, «Ktf4>a. baVS^TU 
■feyc, d, e£Bft«ll, Xf-yXl 14fciJWt, 

tf*r y 7*1 1 5lzWfilXtm$:9lfTl. ttihnm 

£18S*vCV>4B»*d i fcSo'WCie»a^y h 2 3 
-2 5T£fEIrt&c0,Vt\ raTjONTORTOftagft 

[ 0 0 7 0 ] £«o J: 0 fc, *WT{iSB9i«ftt* 

xhuxx"<7dzkvx'*&. mz. *mfflm&% 

XmS (a) tZn<t£i<iZ. m2y74T4\/>X9<7) 

s*aifflfcii»yi(oiBPg?o 1 0 b (xiumitycoffl 

nmO 1 0 c ) tRMUTJ^HWSrff 3«^)|IW 
[007 1 ] i«*^|ctt % 01^177^7^1^^ 

xecDithOizmm^m^ (doe) j:o=sri3t»^ 
bwzpmrvxj* (r^^y. mamm) . 

HftUffi (t7i7 HS) <^7-'J ( 4ffiH3BJffl ) « 
W'JXA^fflLTfcctV^ *LT, ffiffl^iBRD 
»0**BBP» I 5 1 ObXIil 0cWfl*ij&»fcJ6tTiB2 

5 ^to IZ . fll 1 y 7 A 5riE»i- y b 6 2 fc 
<t -5 T 3tt4 fcStt^^ [oJ fclBUT* ^ , ti^2V>Xlk 

7 b srigija- v h 5 8 fc«t ixmmmzwmx'% s 

J:dfcLTfc<. ^rfc, VyX&l A. 7 Bi 

35r^^Sr^LTfcm>. 

[00 7 2] 06 (a) C03t^*<0^&, ^27 5^7 

i^yx9 immtzmtmnmmmzz^x. 
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i ) mmix v rtf'hz^w,^ mnm o 
m.m^x'mmmt±.wthifi. sg2 7 ?>r r-r 

[ o o 7 3 j 2 ) m mm®* u 7#** msctt 

M&Htl&W. SftMQSQ 1 0 b , 10cK66 

3) JWW»»xy73WK»LTV»*«^. ®ffl±»J 
trfet>tt^i5>*>3ifHS<«r*«|6i (fffflftft-) *** 

*wc«3(at^sm*^5 5 tjflbvcsBMinit'rT $ 

[0074] 01 0<OXf -r 7*1 21 fcfcV> 

Bu-m-as. 9 w e mmm^- * yxzmirrt 

h. ftOX-r-yn 2 2CfcWC, 06 (a) fcjjrtJ: 
mi77474l>yX6t:^ftmm> : ?55 
WSSU &27y4 74\syX9m$ffi<F>mum 

z$mmwm<7)mnm iobxm o c 

<JW)*t 7/1 2 3t:fcvit, 0io.^tf^^>-9-4 

J: a fc«J»IP!Hx y 7*»& LTV**TOUaWb6 . £ 
tfatefctt. *Offi»J*4J- a j&WfMBA fctt* 5 J: 3 
fc, «HI/yX3R7At3Mi(c»«0rIBrt , CX*rt, Y 

[00 7 53 -f-Lt, i<0«JBT!H«trfe^lHfljR*b 

Dflfl^ b #ft gKHflfrif ^ #>£¥'J5£ L . if $ Wf- 
T*6t*ttt^-yn 2 5i£9fTLT. Sj?2U>X 
£7 B &m^|6)tcm^T-y7-*<ftt^7 h§-ttT*> 
^f'y712 3CIot. S^BaKtf^OCOfl^b 

tUOMWi, X-f-yri 2 4TIHIi[!i*^b*t|lF8«Hrt 

[ 0 0 7 6 ] X-f y7*l 24 t'Hfl«^ b #*§*g®fflfi 
<C«4ofctt, Xf7/1 2 6fc»ffl,T. 06 (a) 

S (fflilu ) TBIltfDSftKtrfe-fey^4 2J&^-y« 
0>*H»**«3 5PT#5fcaEfrl*]fc*iELT* ttffifll 
2<Or-??iJ£SS3«i--y h 2 1 CBXO&tf fc 
yr^L'-^-fe>"7 u 2 0O^ttifi-fSl Lfgft 



[0 07 7] ftcOXx-yn 2 7fcfcWf, 1/^4 

v h 2 1 rtaftgffiti. usocau B<0#{4« 
uicitLTJHKtrfcA I psoam ( l/A IP), $1/ 

Ksuftiwi pa^H^tf^offija (i/ai 

P ) £ 70 y h L£0 #0 7 T'J> & . 
[0 0 78] B7fc*»WC, SfflJil^X^UBcOfiB 

(i/A i p> x'h&. tlx, m59tfim$mi 

P. m6 0im&tit>wm (l/AIP) **LT 
hcnmt. ( l /a I p ) < fcoTSHflEOfc**** 

cornmh &zt mfri . *zx\ *mx'immm&. 
mmrLi (mu2) &±t%<o. mm^m 

RjWmMTL2 (ftgu 1 ) J2LLfc$r*ffiIu<9«ll 
61 (ul^uSu2)2r s k>-X^4 B<0R^=TI6IS 
Hfc tT*»T±MflP* 2 2 fcttlfrf*. 
[0079] »;C0Xf771 28teiSWt\ |21^±$lJ 
•PjB2 2«ra6jR2 6^LT06 (a)cOL-yX^4 
BOfiSu Sr|g^Ilg4EH6 1 rtfcSB&f 4 . cnti 

->x. ^&wm.m ! $tt>tix®ytjM<r)xiv-?'v v 
mtx'tbtmz. wmihm^<ts:^x. 

mfitmz>-7hz-etn£. ?y?j±ts:m.tit>*mmz 
[00803 tea. ±ticr>mmcr>mBX'U. msxtkk 

Lfc* 1 , fc'^t*— ^SrtfaS-rsco^T*tJ:v\ It:, 
rw-fey m; yf jsa* x^risj t Y^|6] 

fe (C^ttTtW L?t^. t'*> t>1)>-1i(D*X'i> X \^Z t 
[0081] JSC. ±ieo#HJ6^®T1i.BiB^tt (Bg 
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«) <03!3gi^t=BiStf^O«m^fc4"^*f»^ (Dfl 

[0082]**:. 06(a) T{439»B^P*CSS 1 7 
47^1^X6) fc^rafc*<7>3fc«#ffi£8!S?5 5«: 

tz. me <a> <o»j*0Mc8vvrti, »w^t4«s 

[0083] JEfc, II 1 fl!RWfcW0D»£JWi, Ha 
Ofc. jfT-r^^- -fV^V-* (SSI 7 
5474 1^X6 ) &tfle«HBS«** (EWf3K^« 
? 5 5 ) <0X»£fr a 3c$gS 5 6 b omUZ^tJ t O 

bLtzt>K *<m?mmi*)®z.%&±. mummo 

35«ISa 5 6 U«r» Lfc«RO**^MIi3(ffltt» 03S» 
8lgS 5 6 < i fc-# fc ffi^^fc-tirT . itSv XiBB 

□rosi os^^S5 6oftbot=. mmx- 

ttwrvxj* (TOtrKXA (7*i/ay) . xtifflft 
*T 1) XA& t' ) t <^=5r < t t>-2r£ . KXXtfl 1 b 
jt?Tl*)V- <,%2yyA7AvyX 
9) irtfOciSSLTiJ:^. 
[ 0 0 8 4 ] ftfc . JdEi^OtOJKIBT'tt . *7f -f * 
;i^ ^yr/w-^iLT7 7^r'fwvX6, 9#<$ 
JBSiXTV^a*, *7f-f*;k' ^rTV-^fc LT 
rt®K8M-f y<f?\/—9 (uvYAVf?^-?) £ 

h. mz, ±tz<ommmmx'H2myyA7-iuy 
X6, 9zm^h^b*phy7">v ■ yy^r^^nm 
ty?/t¥% i l s tfiffl ztvx^&tf. i ao^r-r -f * 

iztxmzmmt&zbtfX'Zi. hk. 

*r*SWF (DOE) Wf^/l- -fyf-^P-^ 
^SrfflS LXfflfimtzB t X Z'n oZb tfW. 



[0085] %ts s *7T4tllV- 

( 9 ) b lt. w^tf A*fffl*^B^^ottffi(ciea 

U\b^'T : fAti)V- Ay=f9V-9 (9) iOHIfc. 
Mttlfcftftoa^BBft*? (EHttK***) . X 

-ecoi*iBRSM-f yT?\/—?i l zmtmm.i l<o 
-fy-f^V-^ (9) tLT77'fr-<k>'X$- 
Wfe2JWia5t3^lSS*l, rtffiRStM'f yrXW- 

[ 0 0 8 6 ] ±l20^teO»«li, 

&Tittnmmmismmitei>cox'$>htK 

4>fl&t>W«i*<. WitfU— r7'7X-73KiiXJ±S 
OR (Synchrotron Orbital Radiation) D 
■*4«CX*«« (S«5-50nm) WEUV3tS:fflV^ 

[0087]-?-Lt.lll O^x^Wi y^BfofV 

xtfw&x'Z&. t&miwu t^xcd® 

ffi • ttieSttSrff 3 Xf 77, Z<7)Xt •yXtS^v^ 
[ 0 0 8 8 ] E^HiOffl^i: LTtt¥SW**F 

wmcom%gim£mfci}tihzb%<. mm. nm 
are\ amsi 1 (ccDf) . 7^07-/^. 

-y H » X\t D N A f - v 7^)#fflr>' W 7. ^ Wfrf 

ht&vnmm.i<zh&<mmx'%h. sst> 

ti , #S rV <>f ^. 9 > *9 - ytm& Ztltz-?X9 

(7*h-7X7, v*9)V$) Zythvvryixm 
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[ 0 0 8 9 ] %h , *¥mt±M<?)9m<?>BBtz®%Z 
[0090] 

««T , 5<Ifc# { T*£S. ^/tv BftBtttt fc LT Wt t'- 
ISICjE?Ifc?T?£fc#T#l>. 

[02] mi<Dm2yy4T'tU>X9frt>s52Uy 

[03] (a) (SUf-^yUXf— i/3 
?t£3 3$r^-f¥ffl0. ( b ) <±fF«ffl 3 6 

a pmtaijmmmizm-ht&k^mmx'h a . 

[04] S^trfe^)««*)S^&tm]flJR^tt««£ 



[15] {urarnr >wffl»*^avfs**«^>war 

[06] ( a ) 140 1 I L S KfcV vcg 

( b ) (40 6 ( a ) <?)fflum *) & 1 0 £ijcf IEE0T'S> 
5. 

[07] 38K^Sffd»^O!HK<0*&$i:!!aaEtr 

[ 08 ] aawe*** <o^»<ow»a~ 7 h corau 

[09 3 KH^^tOgUI^^-^yxcO-W^^ 

[0103 ^mm^mcomm^—yyxco-mir^t 
yu-^-vx-hh. 

U^X. 9- ■352 75>f7'f 10-HJQRD 

1 \3-W,2VVX&, 14A 

•••lJg7*9-fyH. R->f-7/k PL-SIB***, 
W -I7XA, 2 0-4 yf^u- ^-fev-ts 21-S3K 
#Jf!?;x-.yK 2 2-±W»», 23. 24. 25X, 
2 5Y, 2 5T-Haz 7 h. 2 6-BMX, 3 1- 
l/f^/PXf-^, 3 3-fW?-?^ 3 6A-3 6 
M-fftffflV-^. 4 2"-BM&&-tyi?\ 4 6-2H 



[02] 



[03] 



9-v ^<<^C- A1 




25 f 




(a) 



Si- 



lt- - 
35 



33- 

Y 

36B 
36A 



-AXj 



^36C 



36M 



\ 36G 



[37X' 
[37Y' 



(b) 



v>lvMK 



3£AP 
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[08] 



1.0 1 



gSHpL-y h2 3, 2 4, 2 5X~2 5TCD 
( i = 1 ~ 5) 



■^1 0 2 



e^nyo fc»£u MSt?e>, & 
tfjs us xDstmzn *> . 



"N^l 0 3 



•^l o 5 



W'-h) kai, kbl, kci, k d I , 

k e i s-gmtTiBtrrs. 



"N^l o 6 



No 



10 7 



10 8 



(&8) )0 1-3 132 50 CP 2001-31325 OA) 



[09] 



V h2 3, 2 4, 2 5X~2 



1 1 1 



112 



$» a, RtfEWME# (2& 

b*jnti*r*. 
7bt») c, d, arjtfi- 



1 1 3 




No 



1 



1 1 6 

_i_ 



tid i ( i = 1-5) £ttK» 
T3. 



EttUT8*W»l^-Mc a 
i~ke i (1 = W5) &m 

^fkt>c, d, e£-W6 

ftOfcf &fciD<ZX 

a-y hOfgfi&ad i ( i = 1 

( 

1 1 5 
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[010] 



X 2 1 



1 2 2 



□«D 1 0 b. 1 0 c£3JD 



12 3 



124 



I 



12 6 



>^i/U—^±>-\)-2 0© 




U>X%4B<DiiLW\ZMb 



2 7 



2 8 



